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PREFACE. 



The object of this series is to bring into one focua tbe 
leading featuree and present position of tbe most im- 
portant induBtries of tbe kingdom, ao as to enable tbe 
general reader to eomprebend tbe enormous develop- 
ment that bas token place witbin the lost twenty or 
thirty years. It is evident that tbe great increase in 
education throughont the country bas tended largely 
to foster a simultaneous interest in technical know- 
ledge, as evinced ify ' tbd ^read ;6i 'Alt -and Science 
Schools, Trade ■M'«fle«mB,'-'Intemirtioii»I Eshibitions, 
&c. ; and this foot ii lioiite ;C!<it 'by a perusal of tbe 
daily papers, in which the prdiSiinenije given to every 
improvement in trade m liifchinOT^ uitests the desire 
of the reading public to know more about these 
matters. Hero, however, the difficulty commencea, for 
tbe only means of acquiring this information are from 
handbooks to the various manufactures (which are 
usually too minute in detail for general instruction), 
from trade journals and tbe reports of scientific 
societies ; and to obtain and systematize these scattered 
details is a labour and a tax a^u \Maft mA ■^«S\sso>at 
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which oomparatiyely few persons care to snnnoimt. 
In these yolnmes all these facts are gathered together 
and presented in as readable a form as is compatible 
with accnracy and a freedom from superficiality ; and 
though they do not lay claim to being a technical 
guide to each industry, the names of the contributors 
are a sufficient guarantee that they are a reliable and 
standard work of reference. Great stress is laid on 
the progressiye deyelopments of the manufactures, and 
the yarious applications to them of the collateral arts 
and sciences ; the history of each is truly giyen, while 
present processes and recent inyentions are succinctl j 
described. 
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METALLIC MINING. 

By Waribotos W. Skytb, M^., F.H.S. 

Thb preaent period ia one of great change, anxiety, 
and nncortainty in many brandies of metallic mining 
in this coontry. In addition to the pro-eminence which 
the prodnctivoneBS of our weBtern conntios, Comwail 
and Doyon, hae irom time immemorial enabled iib to 
hold in the supply of tin. Great Britain Las for upwards 
of a century occapicd a most remarkable puBition as 
the chief producer in the world of the metals copper, 
lead, and iron. And besides these, fluctuating, although 
sometimes large and remuneratiTB, quantiticB of the 
ores of zinc, manganese, and sulphur (iron pyrites) 
have been raised, in full and successful competition 
with foreign sapplios. 

Bat within the last two decades the increased activity 
of Continental and of romoto colonial enterprise has 
brought rivals into the field, who, in somo instances, 
have succeeded in coping victoriously with our poorer 
and deeper mines. The check fh.\ia aiHAmft^ETiA tiwa 
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time to timo to our prodaction baa caused & '. 

eDXJgration tLinong the miners, nho tbiw ftgain, scattandl 
tlirotigh various diBtont p&rts of the world, aid in 
ducing abroad the serious amounts of minenU wMdl 
depress prices, and render the position t 
mines more precarious. 

Most notably is this shown with regard to aojp^tgi 
Although important miniog for the oi'cs of this mAtal 
in England only takes its I'iHO from the latter part of. 
the seventeenth century, we have for above one hnodied 
and fifty years enjoyed a stritiug pre-eminenee in its' 
supply, and in tbo year 1856 bud attained to flJ 
production valued at 1,363,003Z. But the tables have 
been tamed, and what with the lessened demand for 
shipbuilding and sheathing, ouil other purposes, tlw 
largo quantities of rich ores produced in shallow miiu; 
in South America, at the Cape, and in Australia, a 
at the same time the singular absence of auy good dioi 
coveriea in our own country, we Lave suffered o 
dence which has brought down our aimual supply, ii 
1873, to the computed value of 312,7081. The Btftt« 
of our tin mines has, during the same period, been i 
subject at times of grave anxiety. Their depth, antj 
the expenses of the dressing processes, have made it I 
hard fight to stand up against the concurrence of thl 
surface-raised stream tin from Banca and other Sm 
Indian localities ; and no sooner do they emerge biu| 
cessfuUy from the conflict than they are threateadi 
again, within the last three or four years, with a sin 
influx from New South Wales and Queensland, 
the home production has steadily increased, and then 
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seemed to ha no doubt that the British tin mines would 
hold their own, when a fresh source of danger arose 
in the enhanced price of coal, certain to ruin many, 
and greatly impairing the prospects of all analogous 
undertakings in which fuel is an essential of life. 

Turning to the lead mines, we find that the individual 
adventures have not what may be colled nond Uvee, and 
that the names of the specially productive mines 
seldom stand in the same high place for many years 
together. But on the whole the British districts noted 
for this metal, distant and different as they are from 
one another, keep us well in the van of the world, not- 
withstanding the vast quantities which from time to 
time have been thrown on the market by the Western 
States of America, by Spain, and by the island of 
Sardinia, 

In taking thus a first coup d'ceit at my aabject- 
matter, I may omit to notice the metals of smaller 
importance, but must pause a moment before that 
marvel, the British iron trade, in which it ,is notorious 
that an unexampled position has been won by the 
enormouB supplies of various kinds of iron ores from 
our own miues, tc^ether with an abundance of cheap 
mineral fuel. 

The newer phase shows many of our old sources of 
iron ore to be exhausted, and a vast importation to 
have icommenoed &om Spain, Africa, Elba, and even 
North America, to till the void caused by the demands 
of a time of unusual activity. And the question arises, 
how far a system of importation of the ore to be 
smelted by our native fuel wiJl mto'oie'XKj cwm.'p.'Gi^'e. 
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witb the high prices lately attained by cool. Osc 
inBuIar position, nu doubt, id this as iu so mauy othot 
IKiints of view, telle much in our farour; but unlu 
our own mines can BUiJ|)!y the chief bulk of the ore 
needed, and coal and coke bo obtained at rates con- 
trasting more favourably with thoeu of the Continent, it 
may be feared that the azo is already laid at the root 
of the ti'eo. 

I shall th»irefore, without entering into the oarliar 
history of British mining, take a brief survey of the 
minoB of tho different metals as they are grouped in 
our Boveral districts, and examine into the ciroumstanooi 
imder which they may or may not still be eipeoted tO' 
be proiluctivo. And this sununary I shall follow np 
by a glance at the various oporations of working tfas 
mines, referring more particularly to some of those 
modifications which have been, or are to bo, made to 
suit the general advancement of tho art, or particular 
exigencies of the times. 

Gold Mines. 

Although at the present moment only a single gold J 
mine is working in our Islands, several have within the I 
last fow years been more or less tested, and tho c 
stances which surround them, as well as the caoaesl 
which in part have prevented their more thorongrf 
development, are so curions as to deserve a 
notice than my space admits of. It is in the IowfI 
Silurian slaty rocks, between Bala and Barmouth 
North Wales, that gold-bearing lodes have been ; 
distinctly made out, and more particularly l>et\ 
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Dolgelly and Barmouth, where in two or three inBtancea 
a, tolerable amount of mining work has been done, 
whikt in a great many more a few " specimena " only 
have been found; money has been vigorously trans- 
ferred from, one person's pooket to another's, and the 
mine workings have been either nil or of a very 
illusory character. 

The veins range in a direction averaging about 
EJi.E. and W.S.W., and usually contain— besides the 
quartzose matrix, which, with fragments of the adjoin- 
ing rock, or amidry, makes up the chief maae of the 
vein — calcapar, varying &om a coarsely crystallino to 
a fine marbly structiu'e, with portions of galena, zinc- 
blende, copper and iron pyrites, totradymite, and some- 
times pyrrhotine. The gold is generally imbedded in 
the sparry constituents; more rarely — as in Cwra- 
heisian- — in the blende ; sometimes in very delicate 
specks, films, and crystalline wire-pointa ; at others in 
bold groupings, which at CaatoU Cam Duchan, Prince 
of Wales, and Dol&wynog have formed specimens that 
will vie with those of California and Australia. In 
the mine called Vigra and Clogau, some small workings 
were commenced in 1854-5, more particularly on a 
vein called " St. David's lode," rnaning closely along 
the lower or northern border of the Silurian rocks, and 
therefore almost abutting upon the Cambrian. It was 
at a time when a gold-mining mania raged for many 
months, and when it was somewhat difficult to be 
satiafied as to tho origin of some of the numerona rich 
specimena, said to have been broken irom different 
localities within this and the &dj<i\wi?,&ift\.Vv(^. '^^■sk- 
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■D almoHt entire Btoppngo of operatious took plaoe, til 
A Bimilar outburst occnrred in 1861-65. SooreB ( 
Bo-callod " miDCB " were set agoing, mostly on paper; 
real opcrationB of sinkiDg and driving were carried ottt 
in but a fow instanees, of which the above-named, with 
the " WelBti gold mine," and, more recently, GwyiH 
fynydd, are the most obBervahle. The levels (oai 
gallerieB) in Clogau mountain were poshed farther, and 
opened out a vein from two to five or bii feet is breadti^ 
which, in its auriferouB portions, was a privilege to 
BOe, and which yielded, in all, 40,000^ worth of gold^ 
a largo proportion of it in bo short a time, and with 89 
few men, that the profit was really very great, 
although, from not meeting with other rich portioi 
the yein, and perhaps from unwise outlay of money oft 
matters of machinery, this mine for a while cea 
work, and the otherB have Blmilnrly come to a etaad* 
Btm, I cannot but express the opinion, after v 
the Bcene of action over and over again, that theo^ 
Merionethshire gold lodes have been abundantly e 
tolled, trofficlted in, misreprcBented, and abused, bat 
have not yet been thoroughly or fairly proved.* 

I need scarcely diKcuss the conditions under wlii<dt 
gold has been discovered, and worked too, by faani 
dreds of persons in the alluvial material on itifl 
banks of streams in Wieklow, Ireland, and more r 
ceutly in Sutherland shire. Suf^ce it to Bay that in 
these isetances, as well as in the older known one d 
Lead Hills, in Scotland, there boa been difficulty in 
determining the origin of the stream gold, and i 

* The revived workingB at Clogau bj 



METALLIC MISING. 7 

although the deposits may just pay the labonr of a few 
peasants, it seems very doahtful how iar any propor- 
tionatcly iDCTeased yield may be oxpocted to follow 
the outlay of capital. 

SiLVSB Mm KB. 
The British mines yield Buntially about 200,000^. 
worth of silver ; but very little of this is contributed 
by the true minerals of that precious metal ; it is 
almost all obtained &om the argentiferous galena, or 
" blue ore " of the lead mines. Of true silver work- 
ings we have bad within this century several very 
curioDS examples,' as Herland, North Dolcoath, Wheal 
Ludcott, Wheal Duchy or Brothers, and a few more in 
Cornwall ; but they have endured only for a short 
time, the lodea being more than usually capriciuuB and 
limited in the extent of their metal-bearing portions. 
A similar iute befell a spirited attempt to open a silver 
vein in Sark, in the Channel Islands ; the ores, as in 
the Cornish instances quoted, were mostly chloride of 
silver (kernrgyrite) in the ferruginous (gossan) shal- 
lower workings, ivith silver glance (argentite) and 
ruby silver (pyrargyrite) in the deeper parts. I am 
unaware of any a priori reason why rich and lasting 
silver veins should not be found in some of our older 
schiatoae rocks, as in the Hwz, Bohemia, or Norway; 
but, BO far, eiperience has proved them to occur in a 
singularly abmpt and fragmentary form, mostly in 
cross veins, or limited to junctions of snch with others. 
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At the present momeDt the silver ores raised an 
only argentiferouB varietieB of tetrahedrite or ftM-tn, 
which, in eubordinate epots and strings, is associated 
with the lead ores of the old Treburgett aune in Coio- 
wall, and the Foxdalo in the Isle of Mod, and are 
eamplod or sold Heporately from the lead ores. 

Lead Mimks. 

For the last twenty years onr British mines liavs 
been raising, annnally, from 73,000 to above 100,000 
tons of dressed lead ore, yielding from 54,000 to 
73,400 tons of metallic lead, and from i96,0OO to 
840,000 ounces of aUvcr eitracted by the sme: 
This immonse production, averaging above a nulHoD 
and a quarter pounds sterling in annunl valne, 
obtained from some hundreds of mines Bcatteced' 
through the median and western ranges of hilla, £ro 
the lowlands of Scotland down to the sooth coast 
Cornwall and Devon. We may oonveniently, in t 
geological point of view, oe well as for the moro clearl;^ 
selecting some of the main peculiarities, gronp thetti 
as follows : 

A, Lead mines of the limestone formations \ 
rally poor in silver. 

S. Lead mines of the slaty rocks, often rioh iii| 

C, Lead mines in granite, variable as to silver, bch 
vary rich. 

A, The Northern District. — Nowhere does a nu 
well-marked, interesting, and produetive area e: 
than that tract of mountain or carboniferous limesb 
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t oonBtitntes the great buli of the henther-clothod 
^tBooriftndB estending from the Eoman wall down into 
Torkahiro. The formation is not, us in Derbyshire 
r Sonth Wales, made up mainly of simple limestone, 
bnt consiBts of alternations of limestone, grit Qiaxle), 
shale {flats), grey beds or indnrafed clays, and a cele- 
brarted bed or eill of whin-stone. These strata, the 
position and thickneea of each of which is a matter of 
cloee stndy with the miners, lie nndnlnting over Tale 
and fell for about twenty miles in width and eighty in 
lemgth, often showing long lines of outcrop, with gentle 
foldings and irregularities, but never violently con- 
torted, aa the doeper-lying schists are apt to be. 
Through these strata, the long lines of ancient fissure 
now found occupied by spars and oiea of lead and zina 
toko their course ; in some parts, as at Alston Moor, 
Nent Head, Eookhope, and Weardalo, very many of 
them in near prosim.ity, in other parts of the region 
less obvious and wider apart.* The " right running " 
veinB hare a bearing c)f nearly east and west, bat are 
jet Bubject to deviations which cause junctions at 
various angles, and doubtless in somewise affect their 
productiveness. Varying in this respect at even a few 
miles distance, some of these lodes " make well " in 
particolar beds only, all of them generally agreeing to 
do badly in the shale or plate ground. 

About Alfitiin and in North Torkahiro it has been 

chiefly the " tSreat Limestone," 60 feet thick, that has 

been, the snccesaful " country " for the veins : la Tees- 

• Seo Forater, ' Section of tlio Strata.' 1S21 ; ami Walkce on 

■ Lead Veins,' Btanford, 1661. 
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dkle the " firestone " beda ; whilst in Weardale and at 
Btonecroft, in Northumberland, the " nhin-sill," elss- 
where regarded with fear and trembling, has pn^ 
dnoed courses of ore of exceeding value, and at a 
depth in the measores which promises well for fiiiore 
exploration. 

But although these east and west lodes bave been 
the most regular in their yield, the cross veins, wbicli 
in some districts produce a different, and in others no 
nsefnl mineral whatever, have in the Alston Moor 
district been in sovoral cases highly productive. At 
Nent Head and Brownley Hill they have thus been 
bunehy, dificontinnous, and strangely irregular ia their 
habits, but have nevertheless yielded large returns. 
And in most of the miuos in this neighbourhood when 
they bave been worked in the upper aUls, accessible hf 
adits or levels from the hill sides, the expenses have 
been so email as to leave a most unusual proportion 
of profit. Let us see what one or two of the mors 
Doted lodes have done. Bampgill vein, which pasBOB 
through the hill hetireen the Nent river and the Tyue, 
near Garrigill, produced, from 1704 to 1853, a total oi 
815,770 bingg (at 8 cwt.), or 126,258 tons, the amount 
in some years being 3000 or 3500 tons. In the early 
part of the century, the pearl of those uplands was 
discovered in the little mine of Hudgill Burn, wher^ 
without machinery and employing never more than 
one hundred men, no loss than 14,000 bingg, or 5600 
tons, of merchantable ore were raised in a single year. 
But, strange to say, this hill side, once full of little 
ventures, is noiv almost deserted. The high rata of 
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wflgea in the coal and iron fieWs has tempted the men 
away; the more accessible parta of the veins have 
been exhausted ; and the deep Nent Force adit, pro- 
jected by Smeaton in 1776 as a. boat level, for the un- 
watering and exploration of the veins in the deeper 
strata, has, up to the present time, not been attended 

An enormous meaBUre of productiveness still marks 
the mines of Mr, Beaumont in Allenilale and Wear- 
dale, and those of the London Lead Company at Nent 
Head and in Teesdale ; whilst numerous others, worked 
by private eompanies, and very notably the Stonecroft 
Mine in Northumberland, and the Arkendalo and Old 
GrBBg mines in North Yorkshire, contribute largely 
towards the grand total of 27,562 tons raised by the 
northern counties alone. 

No miner, however, with eyes to see, can fail to 
regard these lodes under another aspect also, viz. their 
beauty of composition and the variety of minerals that 
diversify the occurrence of the ores in particular 
groups, characters hardly to be seen again till wc 
encounter them in the remote south-western counticB. 
The splendid crystallizations of many-coloured fluor- 
spars in Weardale, Allenheads, and Teesdale, the lus- 
trous jet-black zine-blende of Nent Head, the many- 
shaped, elegant crystals of caleite, and the somewhat 
rarer baryta minerals, witherite, alstunite, and baryto- 
oaloite, moat noted at Fullowfield and at Brownley 
Hill, these are all among the chief ornaments of 
mineral cabinets throughout the world. Nowhere, 
however, can they be seen to bo raacV u&.irai'wk'^ *».\b. 



BRITISH MANUFACTUBim ISDUSTRIE3. 

a Tich " beading " undorgromid, or in one of the fiat* 
that run off like tongaee from some of the lodes into 
the Great Limestone, whore with the glittering clesv- 
Hge plaucH of galena, and the eparkling, if uselees, 
faoelB of quartz and pearl-spar, tho minorB ply thaii 
f task ill the midst of a sort of Aladdin's cave, with 
I which few scenes of palatial adornment can vie. 

The wide area through which these veins extend, 

I- and the prohabilitj that some of them, at least, vill 

r make downwards into productive sillB not yet csplored, 

I leave a prospect opett that mnch wealth may yet 

main to be discovered. 

Derbyihire. — The lead mines of this conaty, whidi 

■ liave hcen worked from a very remote antiquity, ei- 

I bibit the resnlts of exhaustion in tho fact tliat all the 

|i 'obief well-known lodes have been worked down to a 

level, at which overpowering quantities of water occur. 

With a few eEceptiona, the mining of the present day, 

although it brings out the fair result of 4412 tons of 

I ore (in 1873), is limited to "poor men's mines," or 
flmoll odvenlnres, in which with none but the simplest 
ffiechanicol aid old works are explored again, or trialB 
node in small holdings of ground which would 
scarcely invite the attention of a company. The per- 
jneability of tho jointed limestone to water is the oanse 
of this peculiarity — one checked to some extent wbeie 
the beds of volcanic-ejected matter, " todt-stone," with 
their very variable thickness, alternate with tho lime- 
stone strata. The interruption hy this material to the 
bearirg parts of the lode, at one time considered to be 
complete, has now been shown to be only partial; 
indged, ibe obie^ wne of. ^elaBt £ev yoaxs, ^^lo Ij^ilil 
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Close mino in Darloy Dale, fairly discovered by the 
bold speculation of its owner, Mr, Wnse, and said to 
yield above half of the above return, is worked between 
shale on one side and the tudt-stone au tho other. 
The general course and the medinia size and composi- 
tion of the veins remind one much of those of the 
North, only that here qnartz is exceedingly unfre- 
quent, and a yellowish earthy barytcs, "cawk," very 
abundant. ISo doubt a few good points may yet be 
struck upon, but the limited area of the Derbyshire 
' limestone offers no great prospects for the future. 

Flmtgkire and DenbighiJiire.— The general rim of a 
long series of parallel veins which oonrso ncrose the 
mountain limestone into the millstone grit, and are 
afterwards, or farther east, observable as " faults " in 
the coal measures, is intersected by a set of strongly- 
marked cross courses, traceable for many miles in 
length, generally barren, but here and there, as above 
Holywell, offering an exceptional richness in lead ore. 
The amonnts raised from some of these mines in former 
days are fabulous ; but they have produced in parts of 
the ToiuB galona in a condition of purity and solidity 
hardly equalled elsewhere. When poor, the same 
veins ore apt to be filled with a dead, dull opaque calc- 
I spar, or with mere clay ; and a great feature in most 
porta of both counties consists in the heavy feeders of 
water eneonntered. It is no uncommon thing to see two 
or three large pumping engines at a single or closely 
contignous mines, whilst the pumps are commonly of 
I from 18-ineh to 22-iach calibre. Honco tho expenses 
I of keeping open the deeper minBft ™. ftiess; iiwioSi«s>\«N^ 
L beea a serious drawback, ani ot \».te -gtiatft S.S.\ia».''Qe»oii. 
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mainlj by two of three concerns that tLe retumB have 
reached the high amount of 9000 tons of lead ore. 
AiQong these, however, and placed at the two estremee 
of the district, is Minora, one of the moBt productive 
mines in the world, figuring for above 5000 tone, utd 
Talargoch, near Ehyl, a very interesting deep working, 
for above 2000 tons." A remarkable feature consiats in 
the fine deposits of eorusito, or white-lead ore, which 
have occTirred in several of the mines near Mold, where 
the veins intersect the aandatoaes of the millBtone grit ', 
and another in the pipe veins, quite as noticeable in 
parts of Derbyshire, where the lead ore has "made" 
upwards and downwards at a stoep angle in ohannela 
of but short horizontal extent. Those, which have 
sometimes yielded a great amount of very pure ore in » 
small compass, are sometimes seen in Flintshire either 
empty, or filled with valueless material, and exhibit as 
I cannot hut think the clearest indications of having 
been eroded by a flow of water, and then filled in B 
manner analogous to the lodes. 

It is obvious that where so many and such closely 
approximate veins have l>oen largely worked, and 
where we find that only particular strata of the lime- 
stone fonaation have been productive, the prospects 
for tho future arc much darkened by the groat activity 
of tho last two centuries. 

B. — Among the lead mines occurring in the tlaty 
roch I will take a northern group, including the lale 
of Man, the Lake District, and Lead Hills and 
Wanlock Head in Scotland, where the lower Silurian 
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Btratn Lave, with a moderate number of triolE, protluced 
several very important aBcl lasting mioes. Perhaps 
nowhere are the phenomena more varied and fraught 
with greater value than in the Isle of Man, where, 
unid rocks of clay-slate and more inaBsive — eomowhat 
gritty — -beds, the old greywacke, lodes coursing east 
and. west, as at the Fosdole mines, and others north 
and south, aa the Laxey, ore equally productive in a 
grand display of lead ores rich in silver. But the 
chatacteis of these two lodes are otherwise almost as 
difEerent as their directions, and especially when that 
of Fosdale shows the granite sometimes in one, eome- 
times in the other wall, and at length, in the deeper 
levels, nothing but granite countiy on both sides. 
The Bradda lode, producing both lead and copper ores, 
at the south-west corner of the island, is the noblest 
surface exhibition of a mineral vein to ho seen in 
Europe. The length of good orey ground on some of 
these best lodee, their occasional great breadth— up 
to 20 and even 40 feet at Fosdale, and even 70 feet 
at Brodda.^their peraistency in depth — as much as 
235 fathoms below adit at Laiey, — and the eoneider- 
able area likely from analogy to yield similar tre«- 
sares, render it probable that a hondaome production 
may long be expected from Manx soil. 

Shropgltire. — A similar isolated portion of this 
county, lying south of Shrewsbury, and to the east 
of the prominent geological feature of the quartzose 
creat of tho Stiperstoneg, has long been noted for a 
series of east and west running veins, several of 
which are at present yielding Tery laigi w»sm.n\». ct 
Among these the moie idiasx^&al^A «x'^ 
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Snailbeacli, the Tankerville, and ths Bomaa 
GFravQls, whilst several othera give inilicationa of 

future prosperity. 

Cardiffanehire and Monlgomeryilure. — The hilly 
Qgee, eKtending from Bhaynder and Llanidloes to 
fte sea by Aberystwith and the mouth of the DoTsy, 
oonaist of a cunturted maes of lower Silurian olay- 
slatcB, Bometimefl passing into sandstones, at others 
into thicker beds of argillaceous rock. Tbey are 
intersected by very numeroua east and west lodee 
of generally moderate dimenaons, but which in some 
inBtanccB attain a tbickneea of 20 or even 30 feet^ 
and may be traced for roauy miles over the open 
gross-covered mountain. Their composition, eicspt- 
tbe usual charocter of long ranges of sterility 
interrupting the orey portions, is compai^atively uni- 
form, a little copper pyrites, mostly in the shallower 
levels, zinc-blendo in certain mines, quartz in mode- 
mte abundance, iron pyrites and calcite rarely, being 
Ac only minorals associated with the lead ore, except 
on the eastern side of the district in several 
witherite and barytes are added to the list. 
The absence of cross veins, in other respects a 
remarkable feature, may be one cause of the paucity 
of different minerals. To the advantuges of easy 
gronnd, the moderate amount of underground springs, 
and the facility of applying water power for the 
machinery, may bo ascribed in great part the profit- 
able results which have attended the opening of many 
new as well as old mines within the last thirty years. 
And it should not be forgotten, that the highly 
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argentiferous cbaractor of tlie galena of some of the 
minea (twenty to thirty otmces to the ton of lead), giveB 
at once a greatly oahanced valae over what might bo 
expected by one conversant only with simple lead 
orea. Some of the older mines, it is true, have been 
showing eymptomB of decadence, and the almost pro- 
verbial glories of Goginaii and the Liaburne mines and 
Owm-ystwyth, have been outshone of late by the 
effolgonoe of tbo Van mine, near Llaaidloea, with its 
500 or 600 tons of ore per month ; but none of them 
have as yet been worked to any great depth, 60 to 120 
fathoms being commonly the limit, so that a small 
amount of capital expended in trying greater depth or 
horizontal exteuBion in many of the long-worked 
mines may fairly be expected to open out good pro- 
doction in tho future. 

Devon and CornicaU. — In the slaty (killas) rocks of 
these counties lead-bearing veins have from time to 
time been found, which take an east and west course, 
like those of tin and copper. In the last generation 
some of these were worked in the district of Newlyn, 
north of Truro, and more recently one (West Chivor- 
ton) has attained a very notable degree of productive- 
ness. But by far the greater part of the mines which 
have become famous in these two counties for the pro- 
duction of lead ores — mostly containing from thirty to 
sixty ounces of silver to the ton of lead — have been 
opened on cross veins, which successively slice through 
the country, at intervals all the way from near Exeter 
down to the south-west coast Of these, the more 
notable, as giving rise to ptodactwe a&^ftnteafe, «tfe. 
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beginiUDg on the ewt, tlie Fiuik HiIIb utd 
neu Hennoclt, coorsmg np the ntUey of the Teiga ; 
2Dd, Wheal Betey, north of Tayistock ; 3rd, the 
Tftinar, or Beer Alston mines, Kveral parallel lodes, 
one of which, in South Hoo, was worked with enccen 
250 fathoms deep ; 4th, Bed lUoor, or the Callington 
mines ; 5th, the Uenheniot gronp, Wheal Slary Ann, 
lately wocking at 300 fathoms in depth, Trehtwny, && ; 
6th, Herodsfoot, sonth-weet of Liskeard ; 7th, East 
Wheal Eose, near Ncwlyn, in its day perhaps the most 
profitable mine in Enrope ; 6th, Garras, near Tmro ; 
9th, the Penrose gronp of several lodes near Helston, 
not now in working, besides aondry other casea, in 
which the cross conrees have yielded small 
lead ore. The beauty of the veinstones, their 
ricliness in silver, the variety and fine crystallisfttion 
of the minerals found in them, all claim attention ; 
bnt I can in a brief article like the present only 
refer to the flnors of the old Beer Alston mines and 
those of Menbeniot, the delicate calcitcs, the batytes, 
and the psendomorphons quartz of the latter group, 
with the splendid bnumonites and tetrahodrites of the 
Horodsfoot. Nor must I omit to notice another &ct, 
▼iz. that these lodes, making generally but little show 
at surface, have been worked at a horizontal distance 
&Dm visible granite much beyond that belt of border 
ground which is most favourable to tin and copper 
lodes ; and thua a large field, especially in Eastern 
Cornwall, may bo pronounced fairly o2>cn to the 
reasonable expectation of meeting with Bimilar sources 
of wealth. For confirmation of this opinion, it may 
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be stated that at the time of the Geological Snrrey by 
De la Becho (Beport, 1839), nothing of value was 
known to oibt in S^nbeiuot, whilst the ores raised • 
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Wbeal Trelawny, April 1, 1814, to Nor. 26, ^ 

1868, realized 461,981 

Wbesl Maiy Ann, Maj- 1, 1846, to 8^t. 30, 

1S6S 454,788 

)ttaiid Wiieal Wre;, 1852 tolSti5 .. 122,6Sti 

I1,(M2.455 



Over a million was in a few years prodncod from 
three of the so recraitly discovered nunes, oat of which 
about one-eighth was clear profit. 

C. — Mines of lead in granite, althoa^ not rare 
abroad, are often coneidered at home so ont of place 
that I may mention three remarkable examples, viz. 
Strontian, in north-west Scotlund; Luganure, a series 
of fine mines in the coontj Wicklow, and the noble 
lode of Old Foidale, in the Isle of Man, walled in, in 
ita deeper levels, entirely by a bright-looking granite, 
and appearing to promise below the 140-fathom level 
a continoation of the courses of silvery ore which have 
yielded large profits above. 

GoFPiB Mines. 

In some few cases the ores of copper may be met 

with near the surface of the ground, and thus seem to 

have attracted the attention of men even of the stone* 

hammer period, as may be seen in the old pits at 

• W. J, Henirood, Cornwall Qeijl,Trana.,'nu.?.'"i\^. 
<1^ 
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" OoppoT Hill," Owm-ystwytK More generall;, »nd 

almost always in our sonth-westem countiee, the 
copper minerala haye been, in «i(u, subject to chemioal 
change, rosulting in the disappearance of moet of them 
from the Bhollow parta of the veins, down to a depth of 
from 20 to CO or 80 fathoms; nay, bo etrong is the 
belief that Taliiahle bodies of coppor ore may » 
beneath a great depth of the ferruginous cap of altered 
material, the gossan, that I havo known a gallant band 
of adventurers persevere during some sisteen yeara, at 
West Sharp Tor, near Liskeard, to a depth of above 
160 fatfaoma, bearing bravely a charge of tens of 
thonsBuds of pounds, in pursuit of the ore which on^t 
to imderlie the goesan. Hence, indeed, the fact of the 
recent origin of copper mining of any importonoe 
amongst us, many of the veins, from which the ores 
of this metal have been so largely wrought in the last 
and the present century, having been explored by Hie 
ancients for tin, and the copper ores having been 
encountered only when the works exceeded 40 or 60 
fitthoms in depth. 

In Comwalii and Devon, a tract of country of 
about 80 miles in length by 8 to 20 miles in width 
includes all but a few stragglers of the copper-bearing 
lodes. It needs volmues * to tell of their mnltifarioos 
characters and mineral contents, and occupies years 
and years of toil and study to get familiarized to their 
Tariableness, and to form opinions of any weight upon 
their value and promise. A few, however, of the most 

• 6ee De la Beche, Beporli 1839; aai Kenwood, Trans. 
OoTQwall Geol. 8oc, v. and vm. 
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notable characteristics may be briefly put as followE. 
The lodes course or strike most frequently from 
W.S.W. to E.N.E. ; certain veins, of which several 
occur in a special district, and termed cauntere, take an 
E.S.E. bearing ; whilst in the estreme weBtern parish 
of St. Just, an exceptional group of them approximate 
to the direction of the magnetic meridian, and are 
noted for particularly tich ores. These copper and 
tin-bearing lodes occupy the outskirts of some eight 
bosses, or hilly protrusions of granite, rising from 
amid the general uountry of slate, and are seldom 
observable m ore-bearing in any quantity at a greater 
dbtance than three miles from the edge of that crystal- 
line lock. A strong prejudice long existed against the 
probability of valuable repositories of copper ore being 
found in the granite, but tho ahnsdant profits made at 
Wheal Damsel, Wheal Jewel, Tresavcan, Wheal Buller, 
West Basset, and South Caradon, have effectually dissi- 
pated such a view. Among these Treeavean, in little 
more than ten years, from the beginning of 1828 to 
October 1838, yielded from a single lode copper ores 
which realized 770,3381., of which nearly the Imlf was 
profit ; and South Caradon in & period of thirty years 
produced ores which sold for l,001,536i.' When we 
pass to those mines which havo been worked partly in 
the one and partly in the other rook, and to those 
whicli have so far been explored in the killas alone, we 
come to a legion of lodes, a full appreciation of which 

• My frioud, Mr. J. A. Phillips, has contributed to anotliei 
volume information on the staliHtica and uatnPB of the iM^^t 
oiea, to which I loay here refer the teodei. 
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can only bo obtained from the etatisticG umiwlly ooin- 
piled by Mr. R. Hunt. F,E.S., and from detaUed mftps 
of the several diatricte, auch aa those publistied by 
B. Symons, of Truro. I ma; enumerate, for oiaiii|de, 
within a belt of nine miles wide of etratE|j^&am 
Gwennap to Cligga Head, abont forty of theae [i 1^1)1^1 il 
yeins, including those of tin with those nhich fave 
been looked on as chiefly copper veins, important 
enough to be entered on the Ordnance Map ; whilst ft 
large scale may show, with the side lodes and 
" branches," an aggregate of nearly double the number. 
Let no one bo misled, and imagine therefore that 
the rocky area is full of metallic ores, eimply to be 
dug for. The firet leeson to be learned in connection 
with these lodes is the very partial distribution of the 
valuable mineral, uncertain and discontinuous both in 
length and depth ; and a second, that their breadth 
betnoon the walls, commonly two or three feet, and 
seldom eiceeding ten or twelve feet, is often reduced to 
a vein of an inch or two, or to a mere thread of rock- 
parting, which the moGt experienced miner vtill hardly 
recognize. Some few inetances offer a much greater 
thicknesB, as, for example, the Devon Great GouboIb 
lode, sometimes 30 or 40 feet in breadth ; the West 
Sharp Tor (imfortunately all poor), above 50 feet; and 
the fine courses of ore in the shallower parts of the 
High-burrow lode at Tincroft, 20 to 40 feet. And jaat 
as the public should be cautioned agatoet a misunder- 
standing of the term of " a copper lode," so also shotild 
they be guarded against the crude notion of the country 
being now, by reason of its numeroos mines, ialr^ 
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" worked oat " ; or tliat the extraction of heavy amounts 

of ore from B, given vein is iaconsistcnt with finding 
other important bodiee deeper, farther, or in a parallel 
position, and at but a small distance. 

The vast wealth rapidly won from some of the 
copper mines in the Idllas may be illostiated by the 
"Grteat Coneolidated Mines'* of Gwennap, which in 
twenty-one years (IS19-4D) sold ores for the earn of 
2,254,485(., of which 480,lo6J. was divided as profit ; 
and by the Devon Great Consols, where in a like 
period of time (1845-65) the total amonnt realized 
was 3,529,659i., of which 991,930i. was clear gain, 
still leaving the mine in a vigorous and highly pro- 
dactive condition. 

I oommonced this article by deploring the unlooked- 
for and amazing decadence of our great copper-mining 
industry. In 3)art this is due to the fact of copper ores 
having given place in depth to tin in certain mines, 
whilst some other reasons which may be assigned for it 
will be diacnssed in a subscqaent paragraph ; and I 
may here dwell upon the great number of unexplored 
lodes, and the extent of favourable ground still to be 
tested within the proved cnpriferons territory. We 
must not suppose that the working of a copper mine 
to the finale of a " winding up " is at all to be com- 
pared with tbe exhaustion of a colliery or of a gold 
digging. More fairly may it bo considered a mishap 
which interrupts for a time the successive trials upon, 
and working of, a whole series of points at difierent 
depths. Let tbe price of the metal rise, and at once a 
nnmlinr of places, abandoned perhaps {qe ^qwe«,, va>^ 
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be opened with advantage, or at least with good profr- 

I peota, which before that change bad no chance of 

I Buccess. It is true that the depth to which monj of 

OUT mineB have penetrated, and the plentiful epringi 

whiob have to he baffled by constant pumping, are a 

dead weight against ua in the struggle of competition; 

bat it is by no means improbable that when some of 

these diaadrantages or a certain degree of poverty 

I beset a few of the foreign minea, our now limited 

I nnmbere may again be increased. YeaFS have gone by 

I without any startling discovery having been made, kA 

I the valne of ores raised in these two coTmtiea bos snnk 

L from 1,230,000!. in 1856 to 236,436i. in 1873 ; bnt wo 

may depend upon it, that unless all mining adventure 

be paralyzed by malpractices like those of the Pacific 

coast, a find like that of Wheal Mario, in 1845, wonld 

again invigorate and perhaps give years of suceeea to 

onr western mines. 

The mining diatricta of the north of England are 

not without occaaional examples of copper-hearing 

deposits ; the group of small but economically 

worked veins of Co&iston, and the curious lead and 

copper lodes of the Caldbeck Foils, both in the Lake 

■ District, still yield copper ores on a conaiderable 

[ scale. Alderley Edge, in Cheshire, is noted for a, 

I hi^ production from ores of very low percentage, 

\ Thich occur disseminated in a band of nhite sand' 

i of the New Ee<l sandstone series ; and tracea 

of the same kind of occurrence, where the ores are 

mostly the green and blue carbonates, have been ob- 

aorved and partially teated at sundry other points in 
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tbo same connty. Tie Duke of Devon sliire's strange 
narrow " pipe " of copper ore, which pierced almoBt 
vertically downwards among the highly contorted 
limestone beds of Ecton, in North Sta&brdHliire, and 
whicli BO long ago as 1778 * was 200 fathoma deep, 
and for years a perfect treasure house, is now idle. 
Sat the Parya and Mona mines, first opened about 
1768 on a marvellous body of ore at Amlwch, in 
Anglesea, are working to this da,y, and foi™ one of 
tbe most curiona industrial scenes in the country. 
The vast masses of copper pyrites intorcalated in 
tbe clay-slatcB of the district, wbicb used to be 
raised &om the grand <ipen-tiaet» by degrees exca- 
vated there, are pbenomeua of tbo past ; but impor- 
tant qnantities have continued to be produced by 
tbe deeper works of regular mining and by tbe 
cementation process, or precipitation of the metal 
&om tbe waters of tbe mine. 

When we look across tbe Channel to Ireland, we 
have, first, tbe range of mines of the Ovoca, raising 
but little at present of actual copper ore, but since 
1840 productive of very telling amounts of slightly 
cupriferous iron pyrites, only of late overshadowed by 
tbe gigantic importation of a very similar mineral from 
the south of Spain and Portugal. 

But the south and south-west of Ireland contain 
large areas remarkable for the occurrence of this 
metal. Knockmahon, in eouuty Waterford, and Bore- 
haven, in county Cork, have proved themselves two of 
tiie roost profitable mines of the century : and althoagh, 
■ Pryoo, 'MinBralogittConMbiewAa,' ■?,%\. 
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the first CMC, several of the lodes have been worked 
wn into very poor gruund, and in the aecond k 
depth of moro than 250 futhoma has been attained, 
there are roaeons for expecting continaod prosperity, 
Horeover, the elaty Tegione ranging from Cork down 
to the Mizcn Head, and farther north, including the 
strike of the Berehaven beds themselves, are remaric- 
able for an exhibition at very many different points of 
beautiful ores of high percentage.' No great meaaoTQ 
of success has yet attended the workings at most of 
these localities ia West Cork ; but with such an 
example ne Bcrchavon, and the pcreoverance which, 
at Ballycnmigk, hoe carried workings down to 222 
fathoms, the temptation, when a good price rewarda 
the efforts of the copper miner, to re-open and 8y»- 
tematioolly to extend some of these mines, ie oertoiii 
to induce further enterprise. 

Tuf MiKBB. 

Towards the latter end of the last century, statia- 
ticianB,whon they looked bock, were amazed to obaerre 
that the annual amount of metallic tin produced by 
our western mines had been doubled in about eizty 
years, the annual average about 1778 being 3000 ixaa. 
At the same time it was held, by so weU-informed a 
writer as Dr. Pryce, that " tin very seldom continneB 
rioh and worth the working beyond 50 fathoms deep; 
and it is absolutely certain that copjjer is not often 
wrought in groat ahundauoe till past that depth to 
100 fathoms or more." 
" Partioularlj Barnitu, or " horee-flesli " ore, and copper glanoa. 
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Kow that, after nsiarly one hnadred years, again we 
cast a glimpse with " tevorted eye " oa the lesults of 
experience, during a period so rife with mechanical 
applioQcee, we note that the steady incteuEe of outpnt 
has brought the production of our two tin counties, 
Cornwall and Deyon, up to 10,000 tons, the equiTalent 
of near 15,000 tone of the dressed ore or " block tin," 
At the same time, the views as to the occurrence of 
this metallic ore have been so enlarged, as to require 
special notice even in so brief a sketch as the 
present. 

A strange contrast is presented on turning &om 
the numerous specieB of ores of copper to the single 
mineral, the casgilerite or hinoxide of tin, from which 
the metal ia obtained ; and jet is this single kind apt 
to occur in bo many varieties of aggregation and of 
colour, as to form a test for the sbarpneBB of the 
miner's eyo and judgment. It is in fact often the case 
that large piles of valuable tin-fluff will show nothing 
that can be recognized by the unassisted eye, although 
it has happened often enough that very visible and 
telling portions of this ore have been overlooked by 
men otherwise well versed in the " metallick art." 

The extent of conntry occupied by the tin lodes 
may be given as some twenty miles more in length 
than the copper district, for it includes also the whole 
width of Dartmoor. In some instances, and in parti- 
cular in the heart of the granite bosses, the lodes 
carry tin without copper, as there are also some cases 
in which copper lodes have shown no observable 
quantity of tin. But in the greatei ■uanAieK <A ^iwfe 
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repositories we find more or less 6t a conunin^ing of 
die tjiinerala of the two metals, sometimes confosedlj 
in the rame mass, sometimes in different divisions of 
tiie vein at the same horizon, at other tunes at diffixmt 
regions in depth. It is notoriona that the " old n 
hsve worked the " hocks " of many lodes of tin wiaek 
have ofterwardH in depth done well as copper mi 
but it is on]y during the last few years that the e: 
ordinary transmatatiun of some of our best copper 
mines into tin mines has changed the face of mining 
in the Bedmth and Camborne dlstricte. 

Tbns the fine ran of lodea upon which the mines of 
Dolcoatb, Cook's Kitchen, Tincroft, and Cam Brea,* 
bare been so long opened, have of late years — aa the 
excavations descend from 200 towards 300 fathoms in 
depth — gradmiUy diminished their snpplies of copper 
ores, bat fnmieh enoimons qiiautitleB of tin. Dolcoath, 
of which there was a tradition at the end of the last 
century that it had already yielded two millions of 
pounds' worth, mostly in copper ores, produced in the 
one year, 1816, copper ore to the value of 66,839i.; 
whilst for the year 1871 it figures in the statistics aa 
producer of 1170 tons of tin ore, worth 95,373i, wlulo 
the copper ore is almost nil. In January 1873 I had 
the oppoitunity, under the hospitahle guidance of Cap- 
tain ThomftS, of satisfying myself that it was precisely 
the wiiio lode which, down to about the 160-fathom 
level, and with a width of from 10 feet to 2< 
so rich in copper, and which now, from the 190-fathom 

• TbMB four mities produced iu IB71 tin era to the amount 
of 22l,6m. 
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level to tbe 312 (or 344 fathome &oifi snrfsce), and 
paaamg through granite alone, has yielded tin only. 
The shallowest workings at present being at the ISO, 
the principal operations are going forward at and 
below the level of 300 fathoms from the Burfacc, the 
solid caply lode attaining a breadth of jrom 8 feet 
to 12 feet, inclnding ench branches of rich tinetone 
as ta promise a long continnonoo of successful work- 
ing. 

Whilst in these several notable inBtances, to which I 
may add Levant and Botallack miiies, both of which 
have yielded very large profits, it is curions to observe 
how the same lodes have borne tin almost exclnsiTelj 
in the granite, and copper ores on passing from that 
rock into the schists, I mnst not omit to remark how, in 
oertain tracts at least, the schist or killas is thoroughly 
the " conntry " of the tin-bearing veiBB. Thus among 
onr best tin mines, and down in the lists for the an- 
nual production of large quantities, we have Wheal 
Vor, Penhalls, Wheal Kitty, Polberro, Drakewalls, 
and the Charlestown United, in all which the con- 
taining rock is killas alono, although subject to the 
limitation pointed out above, of being within a mo- 
derate distance of the edge of tbe granite. 

The statistics of the Mining Eecord OfBce give ns a 
total for 1873 of 182 mines in Oornwall and eleven in 
Devonshire, as producing, with a few stream works, 
11,837 tons, the money value of which, as ore, is 
upwards of a million. And when tbe question arises, 
whether such a production can be iucreased or even 
kept up to its present standard, ■flO are o\i\i%<Ato\eKt 
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Idutb and from Aantnlii. Aa pnee, vnSortaamtnty I 
n nriaUe, it vUek tbe metal eu be mU, the ecMt cf I 
mi, iron, timbir, and InnnBa Utosr, are obTioufy ttd'f 
nun itcns, npoM k bvoonUe eancorroice »t «rUck 1 
we must depead fat tho w wt awfii l ointiDnation of tin 1 
milting in xhis eoaatij. Ab Rgwds Uie opening of I 
Dew mines to replaea d»o«e wliidi wmj be worked so I 
deep or become eo poor ae to l>e anproGtftble, I for my 
pMt, »fter a long experti^iiM of the niieip«<cled places 
aod circomsUnceE in which fresh enterprise bas led 
to good resolts, entartain angnine expectation Aat, 
^tat with the re-opening of lodes already known, and 
boo and there a new diacorery, onr tin prodwotun 
■7 go on ibi cratories, if we onl^ get fair play. 

Mam aw Zao, Aktimost, aks MASOA^nsa. 
The orcB of Znc, wbe^er the enlphide (blende) car 
the carlMmate or bydro-silicate (calaixune^, are ao tsom- 
monlj araociated with those of copper and lead, Ifaat 
the woikin^ are not often fepaiKte, and the nnc 
noBends are mostly laieed from mines in which the 
olbor ores are the more important proilnct. A paztial 
sieeptioD mi^t be made of Famberry mine in Alston 
Moot, where beautiful calamine used to be raised, and 
ol some few Welsh and English minee, generallj in 
the lead districts, where the prodnctiou of the hitter- ' 
priced lead ore is of very trifling amooni. Few lead 
mines like to acknonledge that thoy place much re- 
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Uaoee cm blende, or " JMJc," as it is oommmljr (ramod, 
imtil Lhciy have got high eDoagh np uDong the scale eCi 
prodncers to approach Uinera, Talargoch, Tan, otf 
the Great Laiey, which, raising this mineral l^ ths 
thonsands of tons (Lasej, 5370 tons in 1873), tberehj 
- obtain an importimt portion of their returns. 

In the prodoctiou of these ores, hoirever, the Britiefa 
Islands only play a reiy sobordinate part, nor does it 
appear likely that anjthing will occor to enable as to 
approach at all near to the yield of the Prussian or 
the Belgian works. 

As &r as I am aware, no ores of Astimoht appear 
to be raised in the United Kingdom, althoagh in 
BBTieral little mines in the parish of Endellion, near 
Padstow, again near the Tam&r, at Leigh, Ac, and on 
the hills Bontb-west of Conway, they used to be 
worked on a small scale. 

UjuiaAKESK ores were raised daring the first third 
of the present centary on a large scale, more parti- 
cnlarly in Devonshire and East Cornwall. The de- 
posits, as nsnal with the oxides of this metal, wer* 
of very irregolar form, and so shallow as to admit of 
being worked cither open or with very little 
chinery. In 1835~39 it was estimated that about 
5000 tons were aonoally raised fnun the district 
named, whilst small quantities were also obtained &om 
North Wales, where it occurs in unmeroos localities. 
All the F.n giJBli mining was brought to a standstiU 
by the market being thrown open to the ores of Ger- 
many, and they in their torn have nearly been ennffed 
oat by those of Southem Spain. K -gu^os^ i«svr&-- 
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cation of onr western tnineH has been in some measnTe 
efiected by the discovery of n rich deposit in Dovon- 
ahire, yielding, at Chillerton and Hogetor, 8254 tons 
of the ore in 1873. 

Ibon Minbs. 
It would be inconsistent with adherence to narrow 
limits to attempt to describe even the main features 
of the long list of mines which give Great Britain 
(1873) its 15^ millions of tons of iron ore, valued 
as worth above 7 millions of pomids Bterling at the 
pit's mouth. A very large proportion of these ores, 
6,000,000 tons, are of tho class of iionstoae, alter- 
tkating with the scams of coal and other strata in the 
ooal measures, and worked therefore in moDy in- 
stances similarly to or in connection with the coal& 
Of lata yoars these old-established materials of ths 
manufacture of iron have become scarcer, and the 
enormously increased demand has had to be supplied 
&om tho strata of the secondary formations, the mst- 
colonred hydrous peroiides of which had, hundreds of 
years ago, already attracted attention. A thoroughly 
new application is that of the greenish grey atone of 
the "marlstone" of the lias in Yorkshire. This 
great branch of the iron trade may he said to have 
arisen about the year 1848, and the produce in 1873 
from the lias of Cleveland, and the oolites of Tork- 
shjre, Lincolnshire, Northamptonshire, and Wiltshire, 
amounted to no less than 7,000,000 tons, of which 
above 5f millions were from tho marvellous beds of 
Cleveland, in the North Biding. 
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Thiidlj comes the division of the hismatite ore^, 
important for the part which they play in admixture 
with the poorer q^ualities of the first two divisions, as 
well as for the production per se of special kinds of 
pig and manufactured iron, particularly those guited to 
the Beasemer proceBses. A wcndeifnl iucrcaee has 
been made in this category also, the amount raised in 
1873 being 2^ milliou tons, intlnding a Bmftll quantity 
of spathoBe ore, or chalybite. The two former divi- 
sions, giving the great bulk of the ores of low per- 
centage, may, as constituents of the regular strnta, be 
calculated upon, and, ivitb duo allowances, be made the 
subject of estimates to esteud over years. But the 
third — that of the higher percentages — introduces at 
once ail the " glorious uncertainty " of mining, whether 
we take the lodes of red and brown ore ouursing in 
definite directions through the granite and older schis- 
tose rocks, as in Cornwall, the Lake Disti'ict, and the 
Isle of Man, or those auomaluus yet most important 
deposits, which have conferred a fabulons value on 
comparatively small patches of the carboniferous lime- 
stone, at Cleator in Cumberland, and Ulverstone in 
Furness. Those two districts, indeed, have of late 
years produced upwards of two millions of tons per 
unniiTn of ore, partly hard, mamillated, or reniform, 
with concentric layers, some of them fibrous ; others 
as hard as quartz ; and partly soft and imctuoue 
" paddling ore," admitting of excavation with the 
greatest facility. For a thickness of many yaids these 
treaeures are often overlaid by the superficial crust 
"pinnel" of sands and clays, containing \j«\Aitot%,-, 
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and, as the surface tells no tale, the boring rod is the 
Doustant adjunct of the proviilent ironmaster. Bnt k 
totallj irregul^ and different is their figore, that the 
buring-tool maj I'sadilj pass at a few inches &oin ■ 
mass worth 100,0002., without discovering a trace of it; 
and almost the only general inferences to be deduced 
are, that triiilB must be multiplied, and that the ntdnt. 
in which the ore is now found seems to have I 
eroded by long-continued water action. 

It further appears probable, that the dcpositioi 
the iroa ore has taken place in connection with that. 
of the lower beds of red sandstone, at or after tha 
great disturbance which attended the close of the car- 
boniferous period, and it is clear that a re-arrangement 
of the deposited material and crystallization of red OM 
(specular iron), and of sundry other minerals, moat, 
have continued through a length of time. 

The drain upon these resources is tremendon^. 
knowing as we do how suddenly they may " cut out;" 
but there is unflagging search for now deposits; &iul< 
the discovery recently made at Stank by the Barrow 
Company, showing that the same ore may underlie « 
great thickness of black shale resting on tho limestona, 
adds a novel interest and a large acreage to the ^taxA, 
in which there is fair reason to expect i 
leBulte. 

Quite of a different chai'acter, although, I opine, of. 
very similar origin, are the churns or underground 
deposits of brown ore, found in most irregular cavitiei 
in the upper strata of the carboniferous limestone tt- 
Dean Forest. The flanks of the Mendip Hills, and ti 
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southern lip of the South W«lsh coal-field, at tho groat 
Garth and near Llantriasant, yield both red and brown 
ores (hiematitee), under circumetances which point to 
the same mode of action, though difieiing perhaps a 
little in geological date. 

I must not omit, even in so brief a summary, to 
congratnlate tho sister island on the important quan- 
tity (above 134,622 tons in 1873) of iron ores now 
raising, the major part of them brown ores, from 
beneath tho beds of basalt in Antrim, ofiering at the 
same time a curious geological problem, and, as it 
would appear, a durable fount of employment and 
wealth. 

When we look sonth-weat to the lodes which, as 
cross courses, range north and south, and are not un- 
fre^uent near St. Aiistell and Bodmin, wo find the 
dimensions snch as to bo incompatible with the large 
outpnt of the northern mines. Some of them are of 
good red ore (the anhydrons peroiide) ; others of tho 
brown kind; and the lode at Eeatormel, near Lost- 
withiel, is remarkable for the great variety of mineral 
Bpeciea associated with this latter ore. A few iustancea 
of east and west lodes yielding brown " h»matiteB " 
should not be overlooked, especially the curious series 
of veins, in groat part nnworkcd, which range for 
a distance of 30 miles from near Ilfracombe, through 
Exmoor to the Brondon Hill, in which latter the Ebbw 
Vale Iron Company has openod extensive mines, 
yielding good chalybito (spathose ore or carbonate) 
beneath tho brown cha'peau de fer. At length, too, 
after many years of alternation o£ me&iEiiaiA ■wo^s^lq.'^ 
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I knd long fits of torpor, the great lode of Ferrfto, near 

Truro, taking b, coniBe qnite iinu§ual on that side of 
Cornwall, E.S.E, and W.N.W., haa been commenoed 
upon on a enitable suale. 1 bronglit its chief cbaracters 
under the Botice of the Royal Geological Socie^ of 
Oomwall aomo yoara ago," and at different times 
devoted daje to introducing it to the notice of iioit- 
moBterB, all those attempts being attended with little 
Bucccss, until the jiresent association, having brongbt 
a railway branch close up to tho scene of action, will 
BOon put to tho teEt the question whether the rich 
brown ore above and the chalyhite below will be ' 
found so to outweigh the " ^ar»" and "kiUat" snie 
to occur in large portions of the lode, as undw k 
vigorous system to give satisfactory refiulta. 

MUTHODB 01' WORKIHO. 

The chief features of the ordering of the excsvatioidi ' 
of extensive mines ore comparatively new. Shafts 
have, of course, wherever deep mining has been at- 
tempted, been sunk at intervals along tho line of the 
lode ; and whether thoy should be inclined, following 
downwards the " underlie " of the lode, or vertical, 
passing down through dead ground, and having aooess 
by means of eroes-calu to the vein at 10, 12, or 15 
fathoms apart — is a question differently answered a&- 
cording to the habit and the natural eonditiona of 
different districts. "Where, as in most of our English 
mines, aud in those of Saxony, the lodes are of mode- 

* W. W. Bmjili on the " Porrun Iron LoJl'," Tians. B. Qeol, 
&0C., CorawELll, vn. 
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rate size, and the rock pretty firm, it is usual, with a 
view to more rapid exploration, to sink most of the 
shafts in the lode, or with it ; hnt on attaining a certain 
degroo of suocesa, to snpplemont thorn by a perpen- 
dicular shaft, iutoTsecting the lode at a suitable depth, 
and greatly facilitating the employment of the best 
machinery for the deep operations, I do not wish to 
be personal, and abstain therefore from mentioning the 
names of British mines which I have seen gradually 
langnifih and expire for want of a good shail. There 
comes, of course, a time in such a case when everyone 
can Bee what is the disease, hnt when it is too late to 
nndertftke the cure. When a mine only slightly feala 
the preSBuro of its depth, and whilst its dividends are 
good, then is obviously the moment for due foresight to 
be exercised in beginning at a well-choaen point the 
sinking of such a dovmright as shall best suit the 
pumping of the water, the winding of the stuff, and 
the lifting of the miners from their toilsome lahonr. 
" There is a tide in the affairs " of mines, as of men, 
and if not taken at the fnll, the remainder of the 
history is simply more or less rapid decay. 

In the early part of the eighteenth century, and in 
some districts up almost to the present time, the orey 
ground was worked away between the shafts by ranges 
of bottom or under-hand stapes, the water from above 
running down over the successive steps of rock to the 
deepest point of the shaft, tho sump ; and the incon- 
venience occurring at once, that if the lode contained 
attle or refuse, this had to be sent up the shaft, or to be 
a stages, or giuils, of timber. Now-arAw^ai^Sa 
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the almost nniverBol otrangetitont that lerels (i 
should be opouod nt intorrfJs of from ten to twenfy 
fathoms, and conjoined, whererer the noceseitieB of 
ventilation or a chance of favourable exploration point 
out the spot, by irinzes or iatermediato sliafts, large 
enough to servo for a windlass or to be fitted with a 
ladder road. Thus the extent of the lode is cut np into 
a series of roctanglos, in which, for the most part, the 
further excavation is ofTectod by hade or ovei^band 
gtt^eg, the men standing on the stone which they break 
down to attack tho rock overhead, and thus working 
gradually upward. This method, par gradim renvertSt, 
very superior in economy as it generally is, must never- 
thelesB in somo caeos of very precious ores or of large 
andjointcd,and therefore dangoroua lodes, or of specially 
hard material, still give place to the older system, par 
grading droiU, although in our own day the men ought 
not to be iueommodod by bottom water, and by hand 
labour with windlasses or tackles, as we eec by old 
drawings was so commonly the case a hundred years 

The pushing forward of these shafts and levels well 
ahead of the stopoB, headings, or pitches from which 
the ore is being hrokeu away, is one of the points 
in which good mauagemcnt comes most prominently 
• See tlio seotion of Bullengardon (part of Dolconth), Prjoe, 
•Min. Com.' p. 172. 

Mr. W. J. Ilecwood hoa pointed out (Cornwall Geol. Trana., 
viu.) tliu probability of ita haviug bufn liie iugeniona Raspe, al 
Hanover, the oompilBT of ' Baron Miincbiiuaen.' who flriit, in 
1782-3, inlroduoed thk muiliScatiuD, olresdj common in the 
I -Han, into Coronall. 
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forward. The constant advancement of exploratory 
feelers, the eo-called Ivi-worh, la, in fact, the very life 
of the future mine, and when we see it stopped, or even 
unduly checked, we may feel assured that the manage- 
ment is either incompetent or dishonest, or that with 
Oriental fatalism it has made ap its mind that it is 

Hardly two hundred years have elapsed pince the 
whole of these operations were perfonnod by hand 
labour with the pick or the hammer and gad ; bat, at 
the beginning of the eighteenth century, the employ- 
ment of gunpowder for blasting came commonly into 
play, and it soon became a matter of wonder how really 
bard ground coald have been broken without it. Up to 
QUI time the mmlidcations made have left the principle 
pf the process untouched, but in several particulars 
have rendered it safer and more efficacious. Thus the 
eabstitutiou of cast steel for iron shanks to borers, 
which has been very rapidly brought in since 1861, 
and the use of bronze and copper for parts of the 
apparatus likely to strike fire with hard rock, oud thus 
to cause premature esploaioa, have undoubtedly been 
most valuable. The firing of the charges by Bick- 
ford's safety fnae, and, for heavy blasts, by electricity, 
has been a gi'eat safugnard against the numerous 
accidents which, years ago, wore thought to be in- 
separable from mining. I am, however, bound to ac- 
knowledge the freedom from casualties which attends 
large bodies of skilled and careful men, when employ- 
ing the older fashion. The Laxey men, for example, 
about four hundred of them ondergtoand, i&t<!km ^«nl»ir 
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ciously tbo sbooting needle, ami the etrow filled with 
fine powdor,for ignitiog the charge, and have for many 
years enjoyed a bappy itumtmity from accidents. The 
introdaction of now oxploeiTo materials, until their pro- 
perties UTS well understood, mnnot but ba attended 
with risk; yet guncotton, nitro-glycerine, somewhat 
nncoremonionHly " put down " by the Homo Office, and 
several of its off-sboots, djTiamite, &c., have been proved 
to bo 80 effective, that they must perforce come into 
extensive application. 

Thia daily and hourly hasiness of breaking the rock 
ie the great expense of mining. It may be well or ill- 
directed, and BDcli direction may bo the prirao canse et I 
BUcccsB or failnro ; bnt, any way, it is tbo mannal labour 
wbicb forms the chief item of cost. Why not then, in 
' a mechanical conntry, and in an age that ia nothing 
if not rapid and inventive, Bnbstitute macbineiy for 
human bands in no simple an operation as the boring 
of a bole in tbe rock ? The question could hardly ho 
anawei-ed in a stout octavo volume. Kundreds of in- 
ventors have really attacked the i)roblem, and war in 
every form baa been proposed to be waged against this 
inorganic obstacle to progress. Many of them have 
undertaken to bore out tuancia boldly at once, to chip 
the rook bodily to pieces, to grind it down, to gouge it 
out. Others, and more numerously since tbo success of 
tbe grand Mont Cenis perforation, have been content 
to retain the onoi'moua advantage of an esploeive com- 
pound, bat have employed drills mechanically driven 
to bore tbe holes for them. Some two dozen of these 
"drilling machines," or " power-jiuupers," beginning 
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with the late Heir Schnmnnii'B at Freibcrgi «re in tho 
field, and have been giving good resiilts in experiment. 
True that Horr DOring's, applied to the hard deep tin 
lodes at Tincroft and Dolcoath, were, after a long trial, 
withdrawn ; but at least four other varieties are being 
80 tested in tunnel and mine work, and the diamond 
borer of M. Leschot has been taken up so vigorously 
by the company formed to work it, that the mining 
interest ought soon to be supplied with the requisite 
data of prime cost, maintenance, and progress made. 

I can only glance cnrsorily at the mechanical ap- 
pliances which foUow the breaking of the ores. In 
mines of stratified mineral, where large quantities can 
be fully reckoned upon, traction by powerful horses, 
or even by engine power, is carried out as perfectly as 
in the coal mines; but in general the supply is too 
uncertain, and too limited &om particular points, to 
admit of the introduction of what are theoretically the 
best methods. A great improvement boa been the 
widening of the levels, and fitting them with tramways 
of edge-rails, as is now generally practised in the 
principal roadways of our metallic mines ; but where 
the trials are more than ordinarily precarious, the old 
unsatisfactory wheelbarrow holds its own, and very 
often in places where it ought to be superseded. 

In approaching the subject of drawing or winding 
the mineral in the shafts, we find, as before, that the 
prolific iron mines of the north, with their guides and 
cages, or well laid inclines and rapidly working 
engines, ofier an admirable example, which ia only 
TBiy slowly and at a long interval follow^ \s^ yaa 
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Is^mg tin knd copper and lead minea. The Biib- 
atitatitin, hotrcyer, of better methodB for the roogh 
ayetem of the dangerona single-link chain, and the 
loose kibble banging againet the sides of the ehafi, can 
only keep pace with the laying open of reasonably 
large bodies of mineral, and with the ainkmg of 
Boitable shafts, as explained above. 

The pumping of the water bos, as regards the pit- 
work, undergone a great amelioration in the general 
use of the plunger, or force-pump, for all bnt the 
lower lift, a forward step which, commencing in 
Ccrnwall at the close of the last century, baa for 
many years been general in nearly all our metallic 
mines. The several lifts too, formerly of only a few 
yards, are of from thirty to fifty fathoms in height 
so that the working parts, poles and clacig, or valves, 
are, in a deep shaft, greatly reduced in number ; tha 
system being as of yore, that the " tye," or uppermost 
lift, takes its water from the " rose " neit below, the 
rose from the " crown," the crovm. from the " lily," 
and BO oQ to the bottom, or sump. Where the odTantage 
of adequate water power is act enjoyed, the Cornish 
i almost universally applied to this purpose; 
and although much adverse criticism has been bronght 
to bear on this doubtless ponderous machine, and its 
lieavy first cost, the critics fail to show us in action 
other means of raising large bodies of water with equal 
economy. I would say nothing but good of the coa- 
veuient direct double engine, placed at the bottom of 
shafts as much as a hundred fathoms deep, and plnng- 
thoii water up to the surface ; bat sach for obvious 
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c not often applicable in metnUic mines, and 
I would point to the Wallsend pit, on the Tyne, as a 
recent esftmplo of the enccessful application of a giant 
of the beam-engine species. At this well-known, but 
long-dromied colliery, whoso camo has, for many years 
past, been a delusion and snaro to tho coal-buying 
public, a Cornish engine, with 100-inch cylinder, bnilt 
at Haylo, has within the last two years been completed, 
to pump, with 26-inch pluagers, the feeder of water 
which was before kept by other engines. Three Cornish 
boilers were (in July 1873) sufficient to accompliBb 
the work for which seven were needed before, the con- 
sumption of coal had been reduced to 3 lb. per hoFse- 
power per hour, and one man was easily attending to 
the firing, where tn-o men had bad to work very hard 
" to keep their boilers agate." 

Alas I that, in conclusion, it should have to be con- 
fessed that few good and properly kept examples of 
this fine variety of engine are now to be Been in its 
native county. Tho duiij., or work done, for a given 
weight of coal, is notably lower than it was twenty 
years ago ; and the number of engines duly examined 
and "reported," smaller. It is an insufficient answer 
to aver that the coal ia inferior to what it used to be, 
or that the agents of the mine con test the engine ag 
well aa a "reporter." The fact is too clear to the 
eye, at once on entering the engine house, that the 
spirit and pride which used, a quarter of a century 
ago, to actuate engineer, mine captain, and engine 
man, are broken down, or sleeping. The depression 
of poverty is no doubt, in some cases, e. ^o-rtvoX. d-iSMaa, 
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in othns tbe necetsitr for obejing the boheets of 
penny^viM D<m-K«ideiit directors : bat asBoredlf, 
vith tbe inercMed price of cokl swelling their eos^ 
mai mmid t]ie un&nKirable critiques wbich 1wt« been, 
prornked, it ia tine th»t both tntne agents «md eagineem 
exerted tLemselvee to wipe off, along with the dost and 
gI«iMe and mst, the ivprtMch of airtiial Petrogreseim. 

I cui&ot umit to c«st a glance upon the modes tX 
maeeaX and descent, so franght with importance to the 
heftlth and liree of the meo, aa well as to the economy 
of their laboor. The method in general taa in col* 
lieric«, bv which the men are woond iq» or dowa ti 
shaft bj the rupe worked by a hoiBting engiae, ia b 
nvely employed in metallic mioes^allliaagh Uie gnd 
cage, oflui with "skfet^ elBtcbes' attached, in fli 
ntilised in the hematite minea df dw north, at PtiHi .^ 
eioft lei^ mine, at AUenbettde; and a few otltev& Bat 
the obetaclee to its general introdnctioa • 
the varying angles of iaclinatioD of the ehafte, n 
dirtribBtioci of the workmen at a number of d 
kmlL It wontd also be incompatible with tike i 
Monoa nse of singW-link chains, and the coa^ cob- 
djtioB ft the shafts. The general method « 
^ a ■BeeessMn of laddere. of fowl three to fivtt f 
IB lHigth,tlK> bat OP heat of «Mlk of .iuA ^ 
^ ioor (tf' a jnOBT. or ^atfotm^ ud (Mftiria 1 

K omD »¥«aing^ the mam-^eU. in the eolkr^ .., 

If ^0 ladden are well placed, at an angle oT TV t 
$ff, asd pwperiy kept, the risk «tf amidant tc 1 
gjjBjI: 7^ when tte di¥«k .* , »!«, €tte«aB, a_„ 
l^i fathoms tie w«»r and teu at ike iqfMem. aad Uk«1 
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law of ttne expmded in tbis miranimeastive Ikbtwr, 
hnie been sliown «mx and ov^ agun lo be a ojiag 
eviL An etpenoMGd hand will reeogmae tLe &c^ 
that it is lefiB &tigning to elimb 200 &tlMims in om 
njne tli«B 150 in anotb^ ; and that it is not only the 
IHiwtinn and condition of the laddeis, bnt the nnttla- 
tisa and Qie space of the footnaja that a&ct the 
qoestion. Tet in wpile of the simplicity of the pnn- 
(j^es <^ a good ladder road, we see than eo oAen, 
ntd in onexpected places too, grossljr neglected, and 
olnerve soch a toleration of dirt, discomfort, aad risk, 
aa to ea^gfsA the idea that, if for the amendiDg of the 
traTfiHing waTs alone, the late sppointmemt oi two 
Hmne OfGoe inspectors may do a great serviceL 

The mines of the Harz, al that time the deepest in 
the world, originated in I83i the plan of raising the 
TOBO. by the fahrlmntt, a pair of rods moved like those 
of a pump, alternately up and down, and so lifting a 
man, standing on a small stage, thioagh a certain 
nnmber of feet — the length of the atrdte— to a portion 
opposte to a similar stage on the other rod, to irhicii 
be qnickly steps, to be again L'fted throogh the Bame 
number of feet This contrivaDce, Tcry iridely osed 
on the Continent, and in collieries as well as in metal- 
liieroos mines, was, nndcr the name of the man-engine, 
first introduced into this coaotry at Tresavean and 
the United MioeB at GwesDap — both of them at 
preeent inactire — nhere they proved an inestimable 
benefit. A modification, consi^ing of a single rod, 
dniy comiteibalanced, and with its stages correspond- 
ing with fixed soUars in the dde of Vlie d^aSv, -s 
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gome years nfterwarda pnt in and worked by a water- 
wheel at Fowoy Consols mineB, and a aimilar arrange- 
ment baa been adopted at half-a-dozen of tho western. 
mines, even in shafts with variable underlie. In every 
case it appenrs to have been recognized that the cost 
of the apparatus has been reoonped in a very short 
period, that acoidenta have been very few, and that 
deep workings have been carried on by its aid which 
would otherwise have been abandoned. Why, it may 
be asked, is this great boon not more largely intro- 
duced in the deep miaos? There is no satisfactory 
reply to give ; but I can only point to what has already 
been said on the want of foresight in sinking good 
and sufficient shafts, and to the difficulty in command' 
ing a couple of thousand pounds, which often besets 
the adventurers in a deep mine struggling against 
adversity. 

DsESBiiia or Orbs. 

The mechanical preparation by which the ores are 
separated from the various substances commingled in 
the lodes, and aio thus rendered meiehantable, is by 
no means an unimportant capping to the various ope- 
rations which have to be conducted on the aite of a 
mine. Simple as the processea may be which alone 
will accord with tho " paying " of substances of low 
intrinsic value, such as iron ores, or which may alone 
be needed with certain minerals like the ores of 
copper, habitually taken by the smelters with a very- 
low percentage,* tho ilressing of ores which require to 
♦ The averaBB produce of the Cornish copper orea is &om 
61 to 7. 
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be bionght up to a high percentage, like load and 
tin, and of those of high intrinsic value, as gold and 
silver, involTca a great variety of machinery and pro- 
cesees. It is, in fact, snch a matter of detail that it 
would be equally unfair to reader and to writer to 
attempt, more, in my very narrow limits, than to refer 
to a few salient points of interest. 

Eoughly it may be satil that the chief divisions of 
the enbject are ; firstly, the breaking up and commi- 
nution of the mixed vein-stuff; and nest, the division, 
upon the basis of specific gravity, of the valuable from 
the worthless materials. 

In the first, it is a maxim that vein-Btuff should 
not be reduced below the size at which the particles 
of metallic mineral can be rclcaEed from the ad- 
hering substance. Thns, for the generality of copper 
and lead ores, nothing equals the cnmher or rolls with 
hard cast-iron shell, first introduced in our western 
oonnties about 1810-20 ; but, for the poorer classes of 
snch ores, as also for tin and gold disgeminated in 
small particles, a much finer reduction is needed, and 
the stamps come into play. For a still finer, impal- 
pable powder sometimes required, as for amalgamation, 
and for " tin leavings," some kind of grinding machine, 
an " arrastra," or " pulverizer," is employed. Where 
the object is merely to break up large lumps into 
small, in lien of hand " spalling " with a heavy sledge, 
Blake's " stone-breaker " is now in high repute ; but 
with this, as with other comminuting apparatus, the 
cantion is much needed that careful sorting or picking 
of vanouB classes of ore should precede th«.t ^%^\Kn^ 
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laanag ip whidi otbarriae it mte to 

pniloBg and eoiBplicMtB ukd VBtn da em CMt»in !«■■: 

Ibe BWeeediBg |MWMj«ma. 

Tbe stemps an doafallen ia aoaw pomto of 
open to critician aa marhiBM. yet BotUng ]iss jret been 
foond to rapenede then, bapraved fenns have been 
propoiol, and tbe paamaatic cteMps of Harvey and 
Ca„ at Ilayle, do amaxmg vocfc, an» of their headi 
peffbnuing aa mnk aa six of tbo onbaa^T- tjp& 8>b 
also, it appouc da tbe imry rtaam- t— ler slaatpa «f 
Lak« Sapenor. Thi» laodettt gM £sbncts, loo, af 
Oililbnua, Oailat»d<H aad Aastnba, aU boa:^ tbe ex- 
«dlsBM of tfanr peculiar ^ntMtkae ; bat wIuIeI 
admitting tbe good fcatiUM af sane of tfae Mndtia^ 
«B still Mad tw Mty <>r tbiEtjr jman ateMlj- pooHiing 
to giTC na an tba data of &» tMamoj i^ dmsldi^ 
trftbe 

AU ow Eag&b tim 
Bilk, witk— *M»(diag to sMfe— faw S to ISO bndk^ 
Mdkoftbawn^ot frvn 300 to 8001k. On* MM 
oolr, Dnkemllfi, noted tat its htUfy OTStalluad tm, 
need to crvb ita we «itb lolk; b«t tbis nmijUm 
bas pasMd awaj. a»d stamps aloM an tbe wdw of 
tbedi^. 

Dr. PlT«,*«*ig i, IJ7S, ,,,*»„ «M «A. fto» 

Kteabetb a tUM w« -«.«*«, riOT^K.' and ..U. .- 
- 1 am ^ «a«, .„*,ittrt«ding ^ p^„, .j„„,,^ 

E-aJtonk-lZTt^'"**'^ ™*^ 
b*^ jBdM,^ «ttk<»s —sZn, T^ 
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! m( ia, in bdt, tX present pasaiiig throogh a period of 
rapid transition, in vliich, irrespectiTe of the pnl- 
TeriaiBg machinea, the following featnree may be 



For the separation of ore from refnse i 
and rongli grains, the sieve dipping into nater and the 
Inake jigging machine, or hotching tub (north), are 
being snpplanted by the piston or plunger mschines, 
token bam German models, but founded on a Terj 
nmilar plan to that applied by Mr. Petherick at Fowey 
Consols seme forty years ago. The efBcient sizing of 
the partLcles for the eeTeral jiggers, their working with 
very little manoal labonr, and the continuous action of 
scHue of the Tarieties, are great improvementa over the 
old methods. 

Among the nomcrODS classes of inclined planes, 
Jmdilet, frames, &c, on which, when in a fine state of 
ssbdinsion, the rarions substances to be Bcpitrated are 
act in motion with a stream of water, the old rect- 
angnlar forms are giying way to the circular. The 
" round buddies," thirty years ago a novelty in a Welsh 
lead mine, are now at home thronghont Europe, al- 
though sundry points in their conBtruction and working 
require to be varied for difFsrent ores, und to bo well 
attended to, if we would purchase their greater rapidity 
of action without paying for it in loss of mineral. 
Diameters difTer, from 16 feet to 2-1 feet, and even to 
50 feet at Wheal Owles, in St. Just. The proportion of 
the head to the body, and the velocity of feed, &o^ are 
very ^rious, and whilst the most usual are convex, 
fbe concave forms of Hundt and Goi\8&& &q ^«:)cA 




» 
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SimiUilj the fixed feunes, 
for receinng only a thin covormg of mineral, are mucli 
repluccl ia the loet few years by rotating £ramefi, in 
whicli a single slow revolntion of sia to twelve minutes 
perfectly clcone tlie head of the deposit. The percaa- 
I frame [ttosi-lierd), employed with eneh snccesa in 
Hungary and Germany, has but rarely been dnly tested 
in this country, although a pair of the continuouB kind, 
Bittinger'a invention, was erected, and worked admi- 
rably, by Jl[r. Plnminok, at the Clogau gold mine. 

The nicoty, judgment, and careful euperrieion neoea- 
aary to bucoobs in those and the Bcore of attendant 
manipulatioDB, may be appreciated by the facts thftt 
sereral hundreds of workpeople have to be engaged on 
the dressing-floors of an extensive rnJno, and that an 
enormous proportion of refuse has to be got rid of to 
render duly clean a comparatively Email amount of 
marketable ore. In many lead mines, from 20 to 40 
tons of mixed mineral have to bo treated in order to 
obtain a single ton of clean ore ; nay, ua much as 100 
tons in the case of argentiferous slimes like those of 
Foidale. And whilst in our tin mines a proportion 
of two of black tin* per cent, of the crude tin-stuff is 
to be obtained from the richer lodes, many of them 
yield not more than one part of clean black tin in a 
hnndred, or even one part in two hundred, out of the 
total quantity which is Bubjected to so protracted and 
labotiouB a treatment. 

• Black tin is the orB, oiide of tin, Cnaailorile ; Kfiiie Im ia the 
matal b» produDed hj the Bmeller, and of whioh tUe former ia 
U poreBl state eontiiaaB about TO per cent. 
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Bt A. GUXETLT (Curator of Che Edinburgh UuBenm of Scle 
and Art). 

Althocoh wood, peat, and coal fnrniafa onr most valu- 
able Mods of fuel, yet the subatances which either are, 
or might be used to produce artificial heat, are numerous. 
In tropical deserts camel's dung is carefully stored up 
to boru in fires, and all over India cow's dung is not 
less important as a fuel, showing that man, in spite of 
his pride, is somctimea beholden to apply despised 
things in curious ways. In the plains of South America 
dried thistle-stems, and in othev countries where wood 
IB scarce, the roots of herbaceous plants furnish the 
only available fuel. An oil lamp is almost the only 
source of the heat and light with which the Esquimaux 
can cheer themselves during the long Arctic winter, 
the ocean currents which carry such an abundant 
supply of driftwood to treeless Iceland conveying to 
their inclement regions bnt a scanty share. 

Cool far surpasses all other substances in value aud 
importance as a fuel ; yet it appears to have come 
comparatively slowly into use, it being towards the 
end of the thirteenth century before it was much em- 
ployed in London. In some parts of England, how- 
ever. It had been burned in fires long \iet«"C6 *Cm%,^s,"A 
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is known to have been, to some eitent, an article rf 
hoUBehold consamption by the Anglo-Saxons in tbo 
ninth centurj. There is evidence which appean to 
show that the Romans wore not nnacqaainted with i^ 
since coal cinders have been found among the raiuB of 
baildings known to be Roman. Some of their 
were near tbo ontcropa of coal'seams, and a few jean 
ago oDe of these ncnr Wigan was discovered to be 
partially mined, and in such an unosusl way that 
Professor Hull believed it to be Roman wotk. It il 
oTon probable that the ancient Britons knew something 
about coal, tools of flint and wood having been found 
in the outcrop or in partial eicavations of one or tw 
seamB. In the sacred Scriptures tho word "ooaj 
occurs repeatedly, but there is little doubt that in 
every cnso wood charcoal is meant, although only 
on one occasion, namely in Psalm csx., is this distinctly 
expreaaed. At ono time it was the custom to nse tha. 
name pit coot, and in London sea coal, to distingnidi 
this mineral from charcoal or burnt wood. 

For a long time after coal was introduced into tha' 
mettopolis, a strong prejudice existed against it, and' 
proclamatione wcro issued forbidding its use during' 
the sitting of Parliament, both by Edward I, and 
Elizabeth. As late as the middle of the seventeenth 
century tho citizens of London are said to have 
petitioned Parliament against two nuisances, "New- 
OBstlo coals on account of thoir stench, &<:. ; and bops,. 
in regard they would spoylo the taste of drinck and' 
endanger tho people." By this time, however, the. 
supply of wood was beginning to fail, so that coal 
Iwooiaing more and more in3iiB5eiiis»XA». 
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objections the Londoners of that day may have liad 
to its Bmoke and stench. But those who live in re- 
mote inland districts will, even at the present time, 
easily understand that there were large tracts of the 
country to which, owing to the difficulties and expense 
of carriage, it was impracticahle to convey coal for 
nearly two centuries after its great value as a fuel was 
well known. 

The conaitmption of coal must have rapidly increased 
after the introduction of Watt's steam engine in 1769, 
which at the same time furnished the mine owner with 
a powerful aid towards increasing the supply, A 
little later, the construction of canals in central 
England furnished a new and cheap means of inland 
conveyance, and so facilitated its distributiou. Other 
inventions and changes were soon to make now 
demands on om stores of fossil fuel, among which we 
may meutioa steam navigation, inaugurated by Sym- 
ington in 1801 ; the introduction of gas-lighting in 
1810, and finally the extension of our railway system. 
Our great national industries, benefiting by these 
changes, have gradually come to tax the yield of our 
coal fields to an enormous extent ; and as among those 
the iron manufacture is by far the most impoi'tant, I 
will glance at its history in relation to mineral fuel. 
A patent for the use of pit coal in making iron was 
taken out by one Simon Sturtevant as early as 1612, 
but ho does not appear to have tried the process on 
the large scale. However, in 1618 Lord Dudley took 
np the task in earnest. He worked long and z^lously, 
but spent all his means without Bomnwrniiiuj, "Cca. 
^UBealtiea Bftendiag the introd-octiou. *A ocsli., ■«»&■ 
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finally wob impriBoned for debt. Charcoal accordingly 

continued to bo used for emelting iron, till Abrabam 
Darby tried pit coal again at Coalbrookdale in 1713. 
Not even yot was tho innovation succesBful, becanse 
with tbe new fuel tho raako of English iron fell off, 
and did not rally till tha introduction of coke abont 
1750. After tbia, however, the iron manufacture, and 
with it the consumption of coal, rapidly increased, 
espcQially aiuce the introduction of the hot-blast 
proc«Es in 1830, which, although it reduced abont one- 
half the relative quantity of coal nsed in proportion 
to the amount of iron made, nevertheless largely 
added to tbe yearly production of iron, so that more 
than one-fourth of all the coal raised in Great Britain, 
or nearly 34 million tons, are now required to snpply 
the wants of our iron districts, 

Mr. K, Hunt, in his ' Mineral Statistics ' for tha year 
1873, pnhl^hed for the first time a table showing, as 
nearly as he could obtain thorn after laborions inquiry, 
the quantities of coal annually used in the leading 
industries of the country and in domestic coosump- 
tion. From this we learn, that after that consnmed 
in the making of iron, the nest largest quantity, or 
27,550,000 tons, is required for steam power in odp 
manufactories ; that no loss than 9,500,000 tons are cott- 
anmed in working our ooUiories and mctalliforous mineB 
(there being little doubt that no inconsiderable part 
of the colliery consumption is sheer waste) ; that the 
manufacture of pottery, bricks, glass, Ume, and cement 
takes 3,450,000 tons; and that the great chemical 
industries, which include alkali making, soap boiling, 
dkmmg, sugar refining, &c CT^^ia.twa (>1 asiw 
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and Bcveral others, require -another 3,217,200 tone. 
Further, thst it takes as many as 6,560,000 tons to 
supply our gasworks, and of this quantity London 
and its Bubnrhs — the popuhitiou of the area taken 
being nearly four millions — consume about 1,720,000 
tons, while Edlnbui^h and Leith, with an aggregate 
population of 242,000, require for the same purpose 
75,000 tons. For domestic consumption, Mr. Hunt 
gives the annual consumption at scarcely 13 cwt. per 
head of the population, or only two-thirds of what 
vas the generally accepted estimate before his recent 
inquiries into the matter. The entire table, slightlj 
altered in arrangement, ia as follows: — 



Total eotU raised in tlie United Kingdom 


lont 


in 1873 




127,016,747 


Exported 




12,712,222 


Left foe home oongmnption 


1U,301,S25 


Consumei 




35,119,709 


„ 


in Hmeltmg other metals 


703,607 


„ 


by oallieries and mioea . . . , 


9,500,000 






3.790,000 




JD Bteain navigation . . . . 


3,650,000 




for BtEBm power in mann- 






factories 


27.550,000 




in gas making 


6,5SO,Ol]0 




in wateiwocka 


650,000 


,^ 


in pottfiriea, glaM worka, brick, 






lime, and eameot kilns . , 


3,150,000 




in chemical works, and all 






other sundry manufactures 


3.217,229 


" 


for dooiestio puTposea .. .. 


20,053,980 
1H,30*,B25 
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It has beon estimated that in tbo beginntng of tUi 
ceDtiiry our anuual output of coal diil Dot exceed 10 
milliou tons. Even aa late as 1845 it seems to Iiave 
boen under 32 millions ; but there were no reliable 
retuTDB till 1854. Since then, however, accnrate 
accounts of the quantities raised have been pnbliBhed . 
uvery year by the Keeper of Mining Records. The 
largest produce in any single yesf was that of 1873, 
and tho greatest falling off in the prodnction, oom- 
paiing one year with another, took place in 1874, 
which shows a decrease of about two million tons cm 
the previous yoar. It is, of course, possible, and even, 
likely, that this considerable decrease is partly owing 
to the introduction of more economical methods <tf 
burning cool, in which caeo it would be a hopeful 
sign ; but no doubt it was mainly duo to the depres- 
sion of trade. This view is to some extent borne ont 
by the fact that tho production of pig-iron in 1874 was 
considerably loss than it had been for some years pre- 
viously, while at the some time the average quantity of' 
cool used in smelting a ton of pig-iron was alsoi, though 
but slightly, less. Comparing the tigures given by 
TSr. Hunt for tho last twenty years, we find that the 
oonsomption of coal in Great Britain bos in the main 
increased at a very rapid rate, as the following table 
wiU show : — 

RoiBed in IS55 64,4S3,000 

„ 18iiO 81,013,000 

„ ises 98,150,000 

„ 1S70 110,431,000 

„ 1873 127,017,000 

1874 125,068,000 
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TumiDg now to the natural hjetory of coal, we find 
the celebiHted American mineralogist Dana, in the 
earlier edition of his work, defining it as carbon with a 
small percentage of claj, and Bometimea oxide of iron ; 
often containing a large percentage of hitnincn ; as 
massive, block or hrown in colonr, dull to brilliaut 
in lustre, and brittle or eectile ; of a haidness varying 
between 1 and 2' 5 of the mioeral scale; and of a 
specific gravity varying from 1'2 to 1-75. Anthracite, 
he, of course, stated to bo a non-bitaminoue variety. 
Probably this general definition of coal aa a mineral 
would still have been deemed satisfactory enough, had 
not a couple of fierce quarrels about mineral leases 
given a somewhat onnsual interest to the question, 
" What is coal ? " In 1850 the proprietor of the estate 
of TorbaoeLill, near Bathgate, in Scotland, let certain 
minerals found on his lands, inclnding coal, to a firm 
of coal-masters for a period of twenty-fivo years ; but 
after only two of these had elapsed, he challenged the 
right of the lessees to work a comparatively thin seam 
of a mineral which they were raising and selling under 
the name of gas coal. A lengthened and costly liti- 
gation followed, the one side asserting that the mineral 
in qaestion was a bituminous ehoJe or at least not a 
coal, the other that it was a gas or canuel coal. The 
trial took place at Edinburgh in the summer of 1853, 
and lasted sis days, during which seventy-six of the 
most eminent men of science in Great Britain were 
examined. The evidence was most conflicting, but the 
jury returned a verdict in favour of the lessees, 
deciding the question nminly on the gcoMX^^ (A '\N& 
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ig ooal in a popular or commercial eense, whatever 
ras saicatificallj. deferring to tho evidence, the 
d Preeident in his cliargo remarked, " When I have 
o many geologists on the one side who tell me that a 
I tiling is coal, and bo many on the other aide who tell 
e the opposite, I cannot eay tliat I feci myself much 
iser, or mnch farther advanced in the inquiry. And 
if I have an equal uomber of chemists of equal skill, 
and apeaking with reasons that are equally convincing, 
with equal anthority and equal contrariety, I think I 
ahonld be in no hotter position ; I might say the same of 
microscopiEte," Sx. The case was carried by appeal 
to the House of Lords, and was ultimately settled by a 
kind of compromise. In 1860 another equally long 
and perhaps still more costly trial took place in 
Edinburgh respecting the validity of Mr. James 
Young's patent for manufacturing paraffin oil and 
paraffin from coal, in which the same queetion, tie. 
whether this Boghead mineral was a cool, was inci- 
dentally raised. Bat I only refer to this second trial, 
the result of which did not disturb the verdict of the 
first, to say that by it much information was brought 
to light on the composition and products of coal, with- 
out, however, bringing us much nearer to an accurate 
definition of the mineral itself. The other trial, or 
rather trials, for there were two, alluded to above, took 
place in Canada in 1852, They referred to a.niineral 
known as Albert coal, or Albertite, which occurs at 
Hillaboro, Albert county. New Brunswick, in an 
almost vertical vein, from 1 to 16 feet thick, and 
appears to be since univarsally regarded by mineralo- 
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giste as a variety of oaphaltum. In this litigntioa the 
jury in the first trial decided that the mineral whb 
asphaltnm ; in tho second, another jnry decided that it 
was coal. Chemiste had heen eummoned from all 
quarters, and the law expenses of the dispute amounted 
to 30,000 dollars. 

Although not concerned here with n strictly scientific 
definition of coal, I have neyertheless referred to those 
trials to show how dispntos loading to great trouhle 
and expense may arise, from the impossibility of de- 
fining with precision what such a very common sub- 
stance ie. Generally speaking, however, it may be 
said that under the term coal is included any solid 
mineral substance infusible under its point of ignition, 
and containing sufficient carbon to allow of its con- 
tinuous combustion in the fireplace of an ordinary 
grate. Those substances having too large a proportion 
of incombustible mineral matter to be classed as coal, 
and yet so far agreeing with this definition, generally 
owe their character to the coal which they contain. It 
ia nsnally of black colour and stony consistency, and 
when heated in close veBsels is converted into coke, 
with the escape of gases and liquid vapours. There is, 
however, an exception to this in the case of anthracite, 
which contains little or no volatile matter. 

All coal is of vegetable origin, a fact which can be 
readily proved by examining a thin slice of any piece 
under the microscope, when tho tissues of plants which 
form it will be usually though imperfectly seen, as in 
nearly every case these have been much altered during 
the process of fossilization. la. moat cos-la ttei^ «.-^ 
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two kinds of atrnctnro, the one called mineral char- 
ooal, much of which is lilte charred irood, but rnnoh 
of it also IB of a dense black teiture, with scared; 
a trace of vegetable tissue recognizable ; the other 
composed of round ccll-Iiko bodies, which constitute 
the bituminous portion. The translucent brownigh 
cells ore said to be abaudant iu coal which is rich 
in elements producing oil, or gas of a highly illumi- 
nating power, according to the degree of heat em- 
ployed in distilling it ; on the other hand the black 
fibrous or coaly portion prevails, and these cells are 
far fewer in coal which yiolilB little or no oil and only 
gas of poor quality. In recent years, the origin of the 
volatile or bituminous matter in many coals has been 
traced to the resinous spores of plants allied to club 
mosses and ferns. Some observers indeed think that 
the bulk of the substance of some coals is composed of 
these minute bodies. The plants which chiefly pro- 
duced the spores found in coal, unlike the club mosses 
of the present day, which rarely grow to more than a 
few inches in height, were gigantic trees, as we see 
k the lepidodendra and other remains found in coal 
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Coal is found in layers or strata, from 1 inch up to 
) or 40 feet in thickness, bat such very thick masses 
ue rather an accumulation of several seams, between 
which the usual intervening deposits of other matter 
have from some cause or other been thinned away. 
Seven or eight feet is perhaps the maximum thickness 
of single seams, and miners consider one which mea- 
sures 5 feet as a thick bed, while seams much below 
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L thickness can rarely bo profitably worked. 
Sandstone, shale, limeetone, ironstone, and fireclay are 
the principal kinds of rock interstiatified with coal. 
The seams, na a rule, are wonderfully uniform in thick- 
ness Bud quality over large areas ; aoraetimoa, how- 
over, they are anthracitic at one place and bituminous 
at another. Occasionally, again, a layer of coal ia 
found to pass gradually into an ironstone, while the 
beds of rock immediately above and below it continuo 
the same. With some few esceptions, the rocks in 
which true coal occurs belong to the upper palieozoic 
period, and are known as the carboniferous series. 
The coal seams are chiefly, but not solely, found in 
the upper division of the group called the coal mea- 
sures. Coal from other geological formations, such 
OS the Oolite, occurs only rarely in sufficient quantity 
to make it of much commercial importance, with the 
exception of the imperfectly mineralized kind known 
as brown coal, or lignite. 

The vegetation of the carboniferous period grew in 
dense forests, ami many of the plants, as already stated, 
were of gigantic size. It would appear that a warm 
and equable climate had then prevailed over a large 
portion of the globe, as, in the coal measures, foasil 
plants of the same species are very widely distributed. 
The prevailing opinion among geologists is, that in 
most cases coal aeams were formed on t)ie sites where 
the plants of which they are composed grew, and that 
therefore the underolay formed their soil. The 
forests seem to have grown and decayed on land but 
slightly elevated above the level of the eea-, Mi4*.&OT 
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\ great thickuees of vegetable matter Lad tliiis Mcn- 
mulatod, the land slowly sank boueath tlie water. Over 
this, sand, mud, and otbor Hediment were deposited, 
which in couree of time throngh some moTsment 
became elevated above tho sea to form the Boil of 
another denee mass of vegetation, which after a longer 
r shorter period Bank by depression a& before. Sedi- 
mentary depositB of other substances then covered this 

[ new layer of decayed and decaying plants, and so the 
process went on, till the eupcrinciunbent strata pro- 
duced presBura enough to convert, aided by other 

f ohemical changes, the vegetable pulp into coal. 

In oommerciol language the number of kinds of oool 
is very nnmerous ; as many, it is said, as seventy deno- 
minatious of it being sent to London alone. Between 
many of these the differenco in properties and c[nality 
is very trifling, and there are characters sufELciently 
definite, by which all coal found in the cool measures 
may be grouped into three leading kinds, thus : 
I. Anthracite, a on- bituminous ; 
IL Canuel cual, higbly bitiuninous ; 
III. Household coal, less bituminous. 

I Or we may take only two principal kinds, namely, 

I anthracite and bituminous coal. Brown cool, or 
lignite, is the product of a comparatively recent 
geological age, and will be rtferi'ed to afterwards. It 
is well to keep in mind that bitumen does not exist 
ready formod in any cool, since none is to any ap- 
preciable extent dissolved by liquids, such as turpentine, 
which dissolve the bitumens ; but most kinds, except 

' anthracite, when distilled in close vessels yield pro- 
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ducts, although in very variable quantitieB, which 
resemble those ohtaiued from native bitumen. Perhaps 
therefore it would be better to call such eoftla bitnuu- 
niferoua than bituminoas. 

Anihraeile is more stony lootifig, more completely 
mineralized, and hoavier than other kinds of coal. 
When pare it does not Btain the fingers, is of a glossy 
black colour, though sometimes beautifully iridesceot. 
It is difficult to kindle, but in burning gives off an 
intense heat with little or no smoko, and is princi- 
pally conaumed in smelting metals and raising" steam. 
Anthracite never contains less than 80 per cent, of 
carbon, while some varieties of it consist almost wholly 
of that element. It is found largely in Wales and in 
the United States. Cannel coal, cfdled also in Stibtland 
parrot coal, receives the former name &om its burning 
Eke a candle, and the latter from the crackling chat- 
tering noise it makes when thrown on a fire. Of all 
the varieties, it ia usually the most earthy-looking and 
least like that used for household purposes. Some 
kinds of it, however, though rarely, aro nearly as 
bright and shining as anthracite. Cannel coal is 
always compact, breaks sometimes with a slaty, though 
usually with a conchoidal, fracture, and somo of the 
richer varieties are rather brown than black in colour. 
Like anthracite it does not soil the fingers, and both 
kinds are made into ornaments, Guch as beads, boxes, 
inkstands, and vases. The cannel coal, indeed, of 
some Scottish localities, can even be made into tables 
of considerable size, which, when polished, approach 
black marble in appearance. Other kinds, a^iu, with 
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much the same oomposition, are totally unfit for sucIl 
purpoBes, ua they split up into pieces after being a short 
time eii)08ed to the air. I have beard that at a time 
when caniiol coal was little known, the Duke of Bridge- 
water, having fonod some by the side of his canal, had 
a Bet of dinner plates and other dishes made of it, 
invitpd a large party to his house, and after they had 
dined, the dishes were thrown on the firo, to the great 

I flmuseueut of the company. These, however, are 
more curious than useful applications of this Bub- 
Btonce, which is hy far the most valuable kind of coaL 
It is BOW ahuoBt wholly employed to yield gas, but it 

I has also heco used as a source of paraffin oil, the 
former product being obtained when the coal is di&- 
tilled at a high, the latter when at a comparatively low 
temperature. So great is the value of some counel, aa 
compared with other descriptions of coal, that the fins 
seam of it at Boghead, near Bathgate, already referred 
to, has sold as high as 42. per ton, when good honse- 
hold coal was selling in the same locality at only lOi. 
It yields 15,000 cubic feet of gas per ton, of a high 
iUurainating power, and is one of the richest gas ooalB 
known. This valuable seam is now nearly esbanatod, 
but a few others in Scotland, such as that found at 
Methol, in Fife, are not far behind it in richnesB, It 
is BCftTcely necessary to say that other bitaminouB 
coals, besides cannel— somo of tho Newcastle kind^ 
for example — are used in tho manufacture of gas, bnl : 
their yield is nsually inferior in quantity, always i 
in quality. The chief English locality for connel 
at Wigan, but it is abundant in Scotland, and is 



found in Nortli America. The third kiud, or rather 
gronp of kinds, is known as Ordinary, or Souseholii. 
coeU. Most of its varieties, unlike either anthracite 
or eannel coal, are suitable for homing iu common 
fires; but they are used for various purposes, and 
in the Newcastle district, for example, are classified 
fis house, steam, coking, manufacturing, gas coal, and 
BO on, according to the purpose for which any gives 
kind is best adapted. The uames given in commerce 
to the innumerable varieties, or rather qunlities of 
ordinary bituminous coal, tell almost nothing as to 
their value or properties, except to those whose busi- 
ness it is to traffic in them. There are, however, 
certain physical chartictorB by which they can geuui-olly 
be classed under one or the other of the three fullow- 
ing varieties: 1, Caking; 2, Cherry; and 3, Splint 
ooal. Caking coal has a shining resinous lustre, 
breaks readily into small irregular cubes, and, wheu 
burning, there exudes from it a black bituminous sub- 
stance, so that many pieces form in the lire into a 
pasty mass. The liijuid portion is readily decomposed 
by beat, and leaves a curhouacoous residue, or cake. 
Ooke is chiefly piade from this kind of coal. It is 
also valuable for domestic purposes, but requires 
frequent stirring. Cherry coal resembles the preced- 
ing in its c'cternal chai'actere, but does not fuse iu 
burning, and yields a coke in powder, or in the form 
of the original coal. Both varieties often closely agree 
in chemicol composition, and both ore also called 
" soft," from their being easily broken. They ofteu 
occur together in the same bed, and pass into each 
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other by insenaitile gradation. The principal beds of 
the Newcastle coal field are, however, oompoeed of 
caking, and those found in Stafibrdahire of cherry 
coal. Splint, sometimefi called elate coal, has a more 
distinctly bedded or laminated appearance than otliei 
kinds, breaks with an uneven and eplintery fracture, 
and with so much difficulty, that it is often termed 
hard coal. It is not very easily kindled, does not 
alter its form in burning, and slowly consnmes with 
much heat. From the faot that cherry, and especially 
splint ooal, in burning, allow spacG for air to pass 
freely throngh the fire, they are called free burning 
coals. Splint coal, from its hardnesR, is usually ob- 
tained in larger pieces than other kinds, and is very 
common in Scotland. 

Although not of much consequence in England^ 
since it is only worked to a limited extent, and that 
chiefly at Bovey Tracey, in Devonshire, the enbetanca 
known bs brown coal or lignite is an important fael in 
some European countries, and in other parts of th& 
world. It is found in several formations newer than 
the carboniferous, hut most largely in the Tertiary 
beds, and varies very much in appearance. Much of 
it distinctly retains its woody structure, pieces being 
found occasionally so little decomposed that they can i 
be nscd for the same purposes as recent wood. In.' 
some cases, again, the process of decay has gone so fax 
that all traces of ligneous fibre are lost, and many enoh 
varieties in lustre, colour, and general appearance can' 
scarcely be distinguished from true coal. Other kmda- 
are earthy and loosely coherent, varying in colour from; 
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black to reddish yellow ; while in certain localities it 
is met with of a peaty charncter. Wben blown coal ia 
DQwly mined, it is generally in a much doinper Btate 
tbnn coal of carboniferous age. It contains lese carbon 
(the amount of this element varying from 50 to 70 per 
ceat.), and more oxygen in proportion to the hydrogen 
than common coal ; the hydrogen and nitrogen being 
in nearly the same proportion in both kinds. Owing 
to its composition, therefore, much water is formed 
in burning it, a property which diminishes its value 
as a fuel; still it is of gi'cat Borvico where better 
kinds cannot be obtained at a moderate price. From 
some of its varieties paraffin nil and other products 
are now largely distilled in Germany, these products 
having a much closer resemblance to those obtained 
from wood than to those from ordinary coal. 

In the British Islands coal fields stretch over an 
area eqoal to about ^'^ ^^ their whole extent, and have 
hitherto produced an enormously larger quantity of 
(joal than those of aoj other country on the face of the 
globe, although the workable deposits of the United 
States are of ntueh greater extent. Our most northerly 
mining district is tho little coal field of Brora, in 
Sntherlandshire, where a pit was first opened nearly 
three centuries ago. It happens to be of oolitic age, 
and although it has not been continuously worked, a 
large quantity of fuel has at various times been ob- 
tained from it. The great coal-bearing strata of 
Scotland, howevor, are of true carboniferous age, and 
stretch across the midland valley of the country from 
the shores of Fife and Haddington on tka eaat tn \V^ 
I It ^ 
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I coast of Ayrshire on the west ; and within this belt of 
I some 30 miles in width nearly all the prodnctive eoal 
Beams are sitwatod. But there is a not in conside table 
field, lying for the most part in Scotland, adjoining 
the Solway; and a small one on the English ride of 
the border, near Berwick-on-Tweed. 

Passing now to the chief English coal fields, whicb 
are much more extensive than those of Scotland, we 
find them dotted here and there o*er the conntry; 
sometimes almost contiguons; sometimes in widely 
Beparated diatriets; but lying almost wholly to the 
north and west of a. line drawn from Bath to Hnll, 
The first that we meet is the great and early foraoDS 
one of North imiberl and and Durham, while some t 
miles south of it lies the still larger Midland eoal field, 
situated in the sonthera port of Yorkshire and adjoin- 
ing connties. Not far to the west is that of Lancashire 
and Cheshire, ranking fourth in size, or at least in 
richness. At a comparatively small distance to lie 
south-west of this one, if it be not actually continuonK 
with it, is that of North Wales. Continuing sonili- 
wards, we have the North Staffordshire area, both it 
and the previous one being large coal fields. Of about 
equal size is that of South Stafi'ordshire and Shropshire 
In a detached, compact basin, containing about one 
third of all the still available coal in Great Britain, 
are situated the rich seams of South Wales ; and ai 
the Channel, at the mouth of the Severn, we roach the 
most southern English coal field, unless, indeed, the 
is ever realized of finding seams of coal uudor ttie 
ohalk in Kent. Besides these there are a number of 
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emaller coal fields, which I uecd scarcely pBiticularize 

Although rocks of carboaiferous ago estend over the 
greater part of Ireland, and probably at one time in 
the earth's history there was also a great development 
of ooal-bearing strata, yet what now remain of these 
are of very limited area; eo much so, that according 
to the most recent estimate, the total quantity of un- 
worked coal in the conntry scarcely exceeds what is 
now raised in Great Britain in a single year. The 
largest coal field is in Leinster, and consists chiefly 
of anthracite ; but bituminous coal occurs in Tyrone, 
Antrim, and other counties. 

In their Report, published in 1871, the Boyal Com- 
missioners give, as the result of their inquiries, an 
estimate of the actual quantities of available coal in 
known British fields, at depths not exceeding 4000 feet, 
and in seams not lees than one foot thicl^ of which the 
following ia a summary : 

Tons. 

Bouth WbIpb 32,156,208,913 

Midland (Yorkshire, Derbjahire, and 

Nottiugiiamshb^) 18, 172,071.433 

Northumberland and Dorbrtm .. .. 10,036,660,236 

LaDonsliire and Clieshiie 5,510,000,000 

Bristol 4,218,970,762 

North Stoffordehire 3,825,488,105 

South Staffordahire, Coalbrookdale, 

and Forest of Wjre l,906,Iia.7G8 

North Wales .. ,. 2,005,000,000 

Smaller Engliab coal fields .. .. 2,041,620,251 

Total of Scotlieh ifial flelda . . . . 9.843,465.930 

Total of Irish coal fields 155,680,000 

Grand tuWl 90,2U7,2S5,ay8 
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Bat by taking into accnnnt the coal wliich probably 
exiBte under the Pernunn, New Ked Sandstone, and 
other superincumbent strata ia the United Kingdom, 
the Comnuesionere increase their eetimate of the 
qnantity still available for use to 146,480 roillionB 
of tons. 

On the Continent there are a nnmber of more or leea 
eitensive coal fields, but, so far as is yet known, in no 
seQBe are the poSBeBsiona of any other divimon of 
Europe at all equal in value and importance to those 
of Great Britain. France possesaes one in the north, 
lying in the departments of Nord and Pas-de-Calaia, 
whoso position ia peculiar, from being covered with a 
considerable thickness of chalk strata. Other coal- 
yielding areas arc situated iu the central departments 
of Loire and 8aone-et-Loire ; and there is yet onothra 
to the south, in tbo departments of Gard and Ardeche, 
The entire yield of the French coal fields, however, 
though considerable (17,000,000 tons annually), is still 
fer short of meeting the wants of the country, so that 
a further supply of 7,000,000 tons is imported from 
Belgium, Prussia, and England. For her size, the 
little kingdom of Belgium has a greater storo of coal 
than any other country of continental Europe. The 
field Las not a very great ai-ea, but contains a larga 
number of much contorted seams; these aro aotively 
worked, and some are reached by the deepest pita in 
the world. Ita actual extent is about 100 miles lonff 
^ an average of 5 in breadth, and stretches betweeiL 
Mens and Liege. The portion lying in the proTinoft 
of Hamaut is the moat productiye, the total yield <A 
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the country being about 20,000,000 tone, of which a 
conBideraMe quantity is exported. Important coal 
regions occur here and there through North Germany. 
In Westphalia, Khenish Pruesia, Rhenish Bavaria, and 
Sileaia, conaiderable quantities of coal are raised, from 
the beda of the coal measures proper ; and of these 
diatricts, that of Westphalia, where the coal extends 
over an area of 1000 square miles, ia the most eitensiye. 
Bat in Pniesian Saxony, and throngh a great extent of 
country between tho Elbe and the Vietnla, deposits of 
the brown cool of tho Tertiary formations also occur, 
which ore now extensively worked and consumed for 
domestic and manufacturing purposes. In 1872, the 
German Em]iire had an output, estimated at 60,000,000 
tons, iuclnding all kinds of coal. Austria, considering 
the wide extent of her territory, ia not particnlarly 
well supplied with fossil fuel ; but the working of each 
beds as are known, and the search for others, has been 
pnrsned with more than usual energy of late years, 
owing to the growing scarcity of wood, and the increased 
demand, arising from the prosperity of her manufac- 
tures. Tho older coal occurs chiefly in Bohemia and 
Upper Silesia, while in tho former province also, as 
well aa in Hungary and the Austrian Alps, there are 
considerable stores of brown coal, some of the beds 
being of remarkable thickness. So recently as 1853 a 
valnable field of lias coal was discovered in Southern 
Hungary. The total annnal yield of the Austrian Em- 
pire in 1871 was 8,575,000 tons. Spain includes some 
valuable coal seams among her rich deposits of highly- 
prized minerals ; but, owing to the unsettled state of 
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the coontty, the; hare not been mnch opened up. 
They are sitnated ia Astnrias, Cordora, nnd Cntalonia. 
Italy contains eome betla of nnthracite in the uorth of 
Piedmont, and some coal, resembling that of the car- 
bouiforons age, in Sardinia ; but the production on the 
whole ia trifling, and the only considerable snpply of 
fossil foel ia obtained from the lignites of the tertiary 
rucks, which in several Italian districts occur in deposits 
of great thicknese and of good qualit}'. Lignite, in- 
deed, ia the only mineral fuel of much importance in 
the Mediterranean conntries generally. The abim- 
' danoe of wood in Scandinavia has perhaps hitherto 
rendered the inhabitants of that northern region com- 
paratively indifferent about the search for mineral foel ; 
but according to recent accounts, some valaalde ood 
fields have been discovered in the Swedish provinoe of 
Skara, and a nnmber of thin seams of coal have also 
been proved in the island of Ardiie, in Norway. A 
coal mine in the Jurassic formation has long berai 
worked at Hiiganas, iu the south of Sweden. European 
Bussia is another country from which very little has 
been hoard respecting the possession of coal fields till 
recent years ; yet in that jwrtion of the vast territory 
governed by the Czar, there appears to be an ertenravB 
development of carboniferous strata containing nume- 
rous, though comparatively thin, seams of coaL As 
yet the Polish field is the most rateneively worted, 
but there is a large central basin, 600 versts long by 
400 wide, nearly in the centre of which stands Moscow. 
The same rooks extend about 1000 mUes along botli 
Ijbuilffl of the Ural oioanLunB ; thongh, so &r as u 



yet known, they only contain ecftl seams in limited and 
interrupted areas. Perhaps the most promising coal 
field is the one Btretching from the Bouth-west of the 
Bonetz Eiver along the Sea of Azof for 180 miles. It 
is said to occnpy an area of 20,000 square miles, and 
to contain more than a, hundred Beams of coal. A 
peculiarity of many of the Eussian coal-hearing strata 
is that they do not belong to the upper or true coal 
meaBures which yield the great bulk of English coal, 
but to either the carhoniferoas limestone, or to the 
lower coal measures which contain workable coal seame 
in Scotland and in Northnmberlaud. It is just pos- 
sible that when the coal fields of Western Europe 
begin to fail in their supply, these distant Bussian 
areas may do something to £11 up the gap. 

The oompai-atively primitive methods of mining, 
which prevail in Asiatic countries, have so checked the 
development of their mineral resonices, that it is not 
easy to estimate the extent of the coal fields which 
some are known to contain. British India, in which 
we naturally take the greatest interest, appears to 
possess only a moderate supply of coal, which is not 
by any means of first-rate quality. With many barren 
intervals, coal-bearing strata extend westward from 
near Calcutta for a few hundred miles. Hitherto, the 
only field which has been much worked is that of 
Eanigunje, near the eastern limit of this region, 
occupying an area of 500 square miles, and con- 
taining workable coal to an aggregate thickness of 
about 120 feet. The whole quantity raised in India 
hae not yet exceeded 500,000 tous per amram-, \i\A. 
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efibrtB ore now being mftda by the Indian Government 

to vorlc the Ranigimje field more actiTely, ae veil as 

that of Chaniia, in the central provinces. Coal of h 

superior quality is found in AsRam, and deposits of 

lignito occitr here and there in the Himalajan monn- 

taine. It nould seem that there is on enormous 

development of the coal formation in the northern 

provinoeB of China, but accounts concerning the pro- 

dnctive areas differ widely as to their extent. M. 

Louis Strauss, one of the Belgian consuls in China, 

has recently published a statement which gives the 

total area of these coal fields as 87,000 square miles, 

and if that of the islaud of Formosa be included, oe 

■ 97,000 square miles. Another writer, however, puts 

I the total at no less than 400,000 square miles. Baton 

L Bichthofon says, that in the province of Shansi the 

I beds are from 12 to 30 feet thick, and adds that bo 

I little is the coal worked in those districts, that in the 

I very country where coal most abounds, so desperate is 

r the need for fuel, that the climate has been ruined by 

the cutting down of all trees and brushwood, and even 

the roots of grasses are diligently dug up to supply 

firing for domestic purposes. Coal, said to be of 

L excellent qnality, is also found in Japan, and in some 

I of the islands of the Indian Arcliipelago. 

I The Australian colonies, whoso treasures of gold and 

I copper, as well as wealth of animal produce, derived 

I from tho unexampled increase in the number of their 

I eheep, have for years excited the astonisbmont of the 

I world, ore not wanting in coal beds important enough 

I to influence their prosperity. The Sydney district of 
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New South Wales, whei'e ttera is a considerable 
development of coal-bearing strata, is tbe best known. 
Here, in tte neigbbourboocl of Newcastle, there are 
seveial seamB ranging &om 3 to 5 feet thick, and 
the same heda have been observed about 700 miles 
to the north of this town. Tbe annual produce 
of New South Wales is now over 1,000,000 tons, some 
of which is exported to India, where it realizes a good 
price. Coal also occurs in Victoria, but to what extent 
is not yet known. Quite recently a discovery of four 
seuns, from 17 inches to 4 feet thick, is said to have 
been made in county Moraington, the field being 
estimated by tbe manager of a largo gold mining com- 
pany to contain 2S,000,000 tons of coal. Tasmania also 
contains true coal, and New Zealand is rich in lignites. 

On the African coal deposits, which occur in Cape 
Colony, along the banks of the Zambesi, where Dr. 
Livingstone discovered it, and ccdlectod gold dust in 
the same field, as well as in other parts of the coati- 
nent, it ia unnecessary to dwell. So, too, with respect 
to Sonth America, I need only say that coal seams 
are known to exist in difforout provinces of Brazil, and 
likewise in Chili and Fern. 

Bo far as extent of area is concerned, and in great 
measure also as regards thickness of workable seams, 
the coal regions of tbe United States claim an uudis- 
pated supei'iority over those of any other country, for 
we must put aside the Chinese basins &om the eom- 
parifion, till they are much more fully explored. 
Perhaps it may even &irly be said that, compared with 
the extensive deposits of mineral fuel lying to the 
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1 of the grent lukee, those posgesged bj an^ other 
nation are meigmficant. Some ehrewd pracitical men 
have, howoTer, puinted out that when the great cool 
'ilelda of the Union are more opened up by mining 
(fperationB, or evon more minutely sad accurately enr- 
Teyed, much of the ceal area, now eet down as pro- 
ductive, may be found to be barren. Still, after large 
deductions ore made for interruptions, ioaccesBihly 
deep beds, and other causes rendering the mining of 
much promising ground either futile or unprofitable, 
enough is known to satisfy us that vast deposits of 
workable coal are spread over a great extent of the 
southern half of North America. According to one of 
the moat recent aathentic statements respecting the 
distribntioQ of fossil fnel in the United States, namely, 
that of Professor Hitchcock, conununicated to the 
' Geological Magazine ' for March 1873, there ore 
dght distinct areas of the coal measures in that 
country, and these are as follows: 1. TJte New England 
Saein, in Massachusetts and Bhode, covering an area 
of about 750 square miles, and containing, it is believed, 
eleven beds, with a maximum thickness of 23 feet. 
The coal is a kind of anthracite, useful in smeltii^ 
furnaces. 2. Tlie Pejineylmnian Anihracite, which 
includes five separate basins, amoimting to 434 square 
miles in area. According to the depth of the baain, 
the number of distinct beds vnrieB from two to twenty- 
five, and the maximum thickness is 207 feet, while the 
average is estimated at 70 feet. This is the most 
important coal district in the United States. 3. The 
Appalachian Bastn, occupying a total area of 63,479 
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square miles, estending from PcDusylvania to Ala- 
bama, and nil of bituminoiiE coal. The areas in 
square miloB of the eiib-divisions of this haeia are 
12,200 in Pennaylyania, 550 in Maryland, 16,000 
in West Virginia, including a little in Vii'ginia, 
10,000 in Ohio, 10,000 in Eastern Kentucky, 5100 in 
Tennessee, 170 in Georgia, and 9000 in Alabama. In 
Pennsylvania there is an average thickness of 40 feet 
of this bituminous coal, and in West Virginia eleven 
of the twenty-four seamB reach an aggregate thickness 
of 51 feet. i. The Michigan Bagin, estending to 6700 
square miles in area. 5. The lilinoia Bagin, embraoing 
an area of 51,700 square miles, which, however, also 
includes areas in Indiana and Western Kentucky, 6. 
The Miasouri Basin, which is the largest of tbem all, 
comprising more than 100,000 square mileK. It 
extends from Iowa to Texas, and is reached by seteral 
navigable rivers. 7. The Texas Bona, separated from 
the last one only by cretaceous beds, imder which the 
coal beds may continue. 8. Areas of unknown extent 
in the Eocky Mountain region. The seven best known 
areas thus estend to a grand total of about 230,000 
square miles, all belonging to the carboniferous system. 
In addition to this, the United States contain impor- 
tant deposits of coal belonging to newer formations. 
Notwithstanding the vast extent of her coal fields, the 
total production of coal in this country was in 187i 
only about one-third that of Great Britain, the actual 
quantity being 41,500,000 tons, about one-half of which 
was anthracite. 

The coal of the British possessions in North Ame,vvc». 
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is foond in NewfoandlEind, Now Bmnswick, and Nora 
Swjtia, none whatever occnrriDg in Canada proper. 
Altliough there ia a great development of carboniferDOB 
strata in the Cumberland coal field of Nov-a Seotia, the 
nnmher of workable aeame is few, and does not in the 
aggregate exceed IC feet in thicknesa. More pro- 
ductive, though of much smaller extent, is the coal 
field of Fictou, which contains five or six beds, all of 
considerable, and two of remarkable, thickness, one 
of them being 37 feet thick. In the island of Capo 
Breton another small coal field lies round the town of 
Sydney, and is believed to extend for some diatanoe 
under the sea. It also contains eome valuable seams. 
As already stated, the richly bituminous mineral 
known as Albertite is found in New Brunswick, but the 
coal seams proper of the colony arc unimportant. 

In referring to the quantities of coal required for 
Tarions purposes, I have incidentally shown how indis- 
pensable to the prosperity of our leading iudostries is 
Ml abundant supply ; but in order to see more deafly 
what our fossil fuel does for na, it wOl lie nocesaary to 
go a little into detail respeeting the mechanical force 
as well as the chemical products which can be obtained 
from it. Lot ns suppose, then, although the quantity 
is slightly under what is actually nsed, that 27,000,000 
tons are annually aiqdied ia raising the steam which 
gives motion to our steam engines, and try to estimate 
the amount of mechanical power thus provided. There 
is some difficulty in doing this accurately, since the 
amount of coal consumed per horse-power TaiieB 
greatly with the kind of engine, whether it is con- 
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deneing or noD-condensing, for example, and also with 
ths form of steam boiler employed, os well as the con- 
atmction of its fireplace and flues. It varies, too, of 
Gonree, with the quality of coal selected, somo kinds, as 
already explained, being much better suited for this 
purpose thun others. According to the eyidonce of 
several witnesses of great experience examined before 
the Coal Commissi oners, it would appear that in non- 
condensing engines from 7 lb. to 9 lb., and in condensing 
engines from 4 lb. to 6 lb., of coal may be taken as the 
limits of what is ordinarily consumed per horse-power 
per hour. But with a Corliss engine and a steel boiler 
the amount is reduced to 3^ lb., as against T lb. to 9 lb. 
in the one kind of older engine, and 24 lb., as against 
4 lb. to 5 lb. in the other. Good railway locomotives, 
again, consume scarcely more than 3 lb. per horse-power 
per hour. Yet in the opinion of many experienced 
engineers, who have long considered the matter, not 
leas than 7 lb. per horse-power per hour are burned in 
raising steam in Great Britain, taking all cases into 
account. 

It follows, therefore, that if our 27,000,000 tona of 
coal are reduced to pounds, and divided by 66 as the 
number of pounds consumed per horee-power per day 
of eight hours, we Lave — taking 300 as the number 
of working days in the year— the yearly work of 
3,600,000 horses, estimating a horee-power to be what 
is oonventionally considered as sncb in making calcu- 
lations of the efficiency of steam engines. This, how- 
ever, is well understood to be nearly double what any 
horee of average strength could perform, eo Uui oa'i. v.^ 
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37,000,000 tons of coal we reall; get the yearly work 

of about 7,000,000 horses, or 49,000,000 strong mon. 
Aud if we had everywhere engines and boilers of the 
most approved construction, iv'hich we even now can 
command, the latent power of this quantity of fuel 
would bo equal to the annual work of nearly 17,000,000 
horses, or 119,000,000 men ; or, supposing no increase 
in the amount of steam power to be required, we should 
then he able to reduce the quantity of coal consumed 
for this purpose by nearly two-thirds. What future 
impi'ovenioDtB iu the steam engine may acoomplish in 
the wny of still further saving fuel, no one can pre- 
dict ; hut that the look-out ia hopeful enough may be 
gathered from the opinion of Sir William Armstrong, 
who states that in the best of our present engines, not 
more than one-tenth of the theoretic 'power of the ooal 
is utilized. 

In a Return to the Rouse of Commons, dated 9tb 
August 1871, oontainiug certain statistical informa- 
tion respecting the manufacturing establishments of 
' the United Kingdom, there are columns giving the 
relative amount of steam and water power employed. 
It embraces, however, neither the engine power re- 
quired in the railway traffic nor in collieries and 
metalliferous mines, nor in steamships ; there ara 
also a number of minor industries excluded : still, the 
Betum, showing as it does the extent of motive ponet 
necessary for most of the manufactories and workshops 
in the country, gives ns a clear and interesting view of 
what our position would be without our coal fields. 
The American writer, H. W. Emerson, in his ' English 
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Traits,' says, " Its (Engltmd's) Bhort rivers do not afford 
vater power, but the land Bbakea nnder the thunder 
of the milla." We are not absolutely without water 
power, hut for the purposes included in the above 
lietum we cim make it available for only y'^tli part of 
the work, the amount performed by the nid of steam 
being equal to 922,000 horse-power, whilo that done 
by water ia only equal to 72,000 horse-power. And if 
we take into account the steam power which drives our 
locomotives and propels our steamships, and also that 
wbiab, in the great majority of cases, raises the minerals 
and pumps the water from OTU" mines, the dispropor- 
tion would be vastly greater. 

So much for the dynamic force of coal when applied 
to generate steam. Let us now see what can be ob- 
tained from it when treated by chemical processes. 
When submitted to destructive distillation in retorts 
or other close vessels, it yields many curious and 
nseful products ; one of the best known being the coal 
gas, which lights up our streets and dwellings. Other 
bodies, both liquid and solid, of much commercial value, 
mannfactnred before the days of gas making from coal, 
are now procured from it as collateral products in the 
production of gas. In recent years, another highly 
interesting class of products Iws been prepared from 
ooal by distilling it under conditiom^, calculated to 
prevent as much as possible the formation of incon- 
densable gas. But before enumerating any of these, I 
shall take a brief glance at one or two of the earlier 
attempts to utilize the volatile products of coal, long 
ere the achievements of modem chemiatrj ■weta wwi- 
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&1)le to guide the experimenter. So hr back as 1694, B 
patent was secured by Martin Eele and others for " B 
way to extract and make grent qiiaatities of pitch, tarr, 
and oylo out of a eurt uf stoue," One can hardly doubt 
that this "stoae" must either have been c^oal of bitn- 
minoua shale. At all eTents, wo fimi the germ of 1 
modern process of distilling coal doaeribed in a patent, 
dated 1742, by M. and T. Botton. By their method 
tkey obtained " an oyl extracted from a flinty rock for 
the cure of rheiunatick and scorbutick, and other case 
"The black, pitchy, flinty roch, or rock which is co 
monly found lying next and immediately over the coal 
in coal mines," is first powdered, and "put into a 
famaco, covered down cloeo with an head to it, and 
worked with fire, which will extract the said oil &om 
it." Little, however, is known about the commetcial 
Bucceaa of manufacturing chemical products from cool 
till works were established at Muirkirk, in Aynihiie] 
by the Earl of Duudonald, to produce them by a ptoceea 
which he patented in 1781, and which was afterwards 
extended by Act of Parliament for twenty years. By 
this process a tar, yielding brown oil, naphtha, and 
ammonia, was obtained by condensing the vapours 
arising from heating the coal in a kind of kiln — ooka 
resulting as a residue. It would appear that this coke 
was used for smelting iron ; that the residual tar, after 
the oil and naphtha were extracted, was employed for 
coating ships' bottoms and other woodwork, as well 
as for making lampblack ; and that the naphtha was 
aold for making varnishes, for burning in lamps, and 
for other purposes. Those, or at least similar works, 
operation at Muirkiit for neesV^ fift^ ^«ai:B^ j 
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and only ceased when the establishmeBt of gasworks 
in large towns, through prodncing the same bodies as 
by-products, rendered such special tar ovens, as they 
were called, no longer profitable. Before passing from 
the Earl of Dimdooald'B procese, I may refer to a 
curious incident in connection with it, and another 
famous patent already alluded to, of much later date, 
for obtaining paraffia oil from coal, but specially 
applicable to cannel coal. It shows how one may 
approach the threshold of a Taluable discovery and yet 
entirely miss it. It bo happened that one of the aeams 
of coal, which was distilled under Lord Dundonald's 
patent, contained within its thickness a layer of cannel 
coal, which, for want of knowing better, the workmen 
at that time throw away as usoloss. If, instead of 
rejecting it, they had put this substance into the kilns, 
it ifl not unlikoly that ono of the most valuable dis- 
coveries in practical chemistry during the present 
generation would have been anticipated by twenty or 
thirty years, 

Ketuming now for a little to the manufacture of 
ooftl gas, and the utilizing of those secondary products 
obtained in the process which has also long constituted 
an important branch of manufacturing industry, I give 
in the first place two tables, showing the relative 
quantities of the products from the distillation of a 
ton of two kinds of coal. 

Newoasile Cakiko Coal. 

Pmdactsper Tun, 
9300 cubic feat of gas. 



SO lb. of amm((tt^(M]t^ 
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htsMuuso C»3i>na, Ooai» 

I'rtducU per Ton. 
1 0.IDO cubic feet of gao. 
l,3iK)ib. ofooke. 
iaOlb.oftar. 

61 lb. of uutmoTiiaad liquor. 

' TOlomo treats on coal gas, I need 
Boaroely refer to it further here, than to repeat what 
hati been incidentally explained already, namely, that 
oauBel cools oB a rule yield it of a greater illaminating 
r, and generally iai greater quantity, than ordinary 
bituminous coals of the best kind. But it is important 
to bear in mind, that gas for illuminating pnrposes can 
be prejmrod from other substances besides coal ; for 
at different times oil, rcain, peat, and wood have been 
employed to yield it. Bituminous slialo also prodaces 
it in large quantity. Wo have seen that in gas making 
tlie consumption of coal is very great, and it is desir- 
able, and now probable, that we shall soon be able tft' 
di mitii sh the drain upon it for this purpose by employ- 
ing a material less useful in many other ways, snch as 
shale. As is well known, gas under certain circnm- 
stonoes con be more economically employed as a source 
of beat than a conl tire. In towns it is always at hand, 
and eaa be applied by the use of burners constructed 
for heating piirposes at a moment's notice. This readi- 
nosB of application is also taken advantage of in the I 
gas engine, which is singularly couTeniont in circnm- 
atauoes where room is scarce, and where it wonld be 
too costly or troublesome to keep up a continuoaa 
supply of steam. 
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Ab isdicatod in tlie abovo tables, when cool ia dis- 
tilled in gas retorts, two kinds of liqnids are formed 
from the condoneable vapours which pass off along 
with the incondensable gas, namelj, the tac or rather 
the tor misturo of which I have spoken, and ammouiocol 
liquor. The latter floats, hy reason of its lightness, 
on the tar, and coasists of a solution of various salts 
of ammonia, but chiefly the carhonato and sulphide. 
Crudegaaliquor is now the principal source of anunonia. 
This alkali being easily volatilized by heat, its vapour 
only requires to be passed through sulphuric octd to 
convert it into sulphate of ammonia ; or, by saturating 
the gas liquor with hydrochloric acid, sal-ammoniac or 
chloride of ammonium is formed; and from either of 
these compounds carbonate of ammonia or smelling 
salts can he readily made. Ammonia and its com- 
pounds are valuable substances in dyeing, for manure, 
inpharmacy, and for many other purposes, 
y The coal tar or gas tar is a thick black liquid, 
heavier than water, which accumulates at the bottom 
of what is called the tar well in gasworks under the 
ammoniocal water. Every ton of coal distilled gene- 
rally yields from 10 to 12 gallons of this tar. It 
consists of a considerable number of distinct liquid 
and solid substances, most of which can only be sepa- 
rated by tedious processes. Ouly some of them are 
of commercial importance ; hut the number which can 
be usefully applied in the arts has increased consider- 
ably of late years. When coal tar ia distilled in on 
iron still, it yields in the earlier stage of the process 
etude naphtha, and in the later, when tke \£;ia.'^'^X'axfe 
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rises, a heavier fetid-emeUing liquid called SmA oil, 

Tliero reraiiics in tlie still a. residue of the glossy 
black Bubatance, pihili. The najihtlia is purified by 
treatment with vitriol, which, from its greater speoifio 
gravity, rapidly sinks to the bottom, carrying certain 
tarry impurities with it. The upper layer of clear 
liqnid is then miied with quicklime to remove further 
impurities, after which the naphtha is distilled, and is 
then nearly as colourless as water. Formerly it was 
huruod in spccially-conatmcted lamps, Eind it is nse&il 
KB a solvent of indiarubber, guttapercha, and other 
bodice: but at present the chief value of coal-tar 
naphtha ia as a boutco of lemole, of which it is lai^ly 
L composed. Benzole is a solvent of was, fat, and vola- 
I tile oils. From it is prepared nitro-bonzole, a bo^ 
of some use in perfumery, as it possesses an odour 
reBcmbling that of bitter almonds, bnt it is more 
interesting in reference to the preparation of some 
beautiful dyes. 

Dead oil contains a considerable quantity of oreasote, 
and ia one of the best and cheapest Bubatances for prft- 
Herving wood in damp situations. Coal-tar creasote, 
or, as it is more generally called, carbolic acid, is 
separated from the dead oil by stirring it with soda, 
in which the creasote dissolves and sinks to the 
bottom as a separate layer. This is afterwards treated 
with HulpLuric acid, which separatos the carbolic acid. 
This body is now extonsivoly used as a disinfectant 
Carbazotic or picric acid, a beautiful yellow crystalline 
L mibstance, is in turn prepared from carbolic acid hy 
■ treatment with nitrie acid, and forms one of dot most 



Tftlnable yellow dyes. A superior lampblack is ob- 
tained from dead oil by simply bnrning it in suitable 
galleries, so as to yield a fine deposit of soot. 

The pitch is ased to produce an artificial fuel ; in 
the preparation of an artificial asphalt; for foot-pave- 
menta or floors, by mising it with small stones ; and 
in the masufa«ture of roofing felt, by incorporating it 
with a loose batt of tow and hair. Sometimes it is 
distilled in brick ovens to yield pitch coke, which ia 
an excellent fuel for ironfoundera, aa it is qnite free 
from snlphuT and yields little or no aeh. Coke oil is 
also obtained in the proceea, bat is of little commer- 
cial importance. 

Of all the chemical products from coal, however, 
what are called the aniline or coal-tar colours have 
attracted by far the greatest share of public attention ; 
but aa these and alizorine ore described in another 
volume, I need not enter into it here. 

It has been more than once pointed out that we get 
two different classes of products from cool, according 
to the temperature at which it ia distilled. At least, 
if the two sets of bodies are not entirely different, they 
are so in a greot measure. 'When it is diatUled at a 
high temperature, the result is ordinary coal gas aa 
the chief and most valuable product, and those other 
substances whose natures we have just been considering, 
such as ammonia, naphtha, benzole, creosote, and pitch, 
are obtained as secondary products from the gas tar. 
But when coal is distilled at a low temperature, that of 
a dull red heat, we get as a principal product vapour 
which condenses into an oil, some of tha ord in a r y in.- 
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AosdenBable coal gas beiiig, howSTer, also prodneed. 
The crude oil tbua obtained yields, on further tieair 
ment, liiiuids of diSerent specific gravitieB, namely, a 
heavy oil, ngod for lubricating purposes ; a lighter oil, 
of great Bernco ae a lamp oil ; and a small quantity of 
a Btill lighter liquid called Oiiphtba, diatinct from, but 
in Bome points resembling, gas-tar naphtha. The two 
heaviest of these liquids are usually called paraffin 
e they contain the solid substasce parafGn, it 
being obtained &om them by refrigeration and presB- 
ing in canvas bags. In this process some anunosia is 
'^procured, just as in the manufacture of gas. 

ill greatly help ns to understand the impor- 
tance of this second and distinct series of coal prodoots, 
if we travel bock some years in point of time, BO as to 
pick up a few of the chief dates in its curious history. 
In tbe year 1S30, the German chemist Reicheubaoh 
discovered the beautiful crystalline substance paiafbi 
in the tar of beech wood, and found that it also existed 
in small quantity in cool tar. He pointed out, too, 
that it would be a great desideratimi if some process 
were discovered by which it could be profitably made 
on a large scale. It would appear that as far bock as 
1833, a Mr. Eichard Eatler, by a process of producing 
oil from bituminous shale, was in a fair way towards 
Bucceeding in this. At all events, it is almost certain 
he made an oU containing pai-affin, for his "No. 3 
quality" is stated to be " free from nephthaliue," but 
when the heavier portion of it is exposed to a low 
temperature, there soon appear " small flakes of a 
white odoorlesa and light subatanco, which is a com- 



COAL. 89 

pound of carbon and hjdrogen." From a similar 
enbstance a ^Frenchman, named Pa BuiHBon, obtained 
oil and paraffin in 184:5, and biB method of diEtOlation 
was tried on a mBn ufacturing scale fur Bcveral years. 
Both of these men puteuted tlicir prooeBses, ae did also 
Mr. B. Seece, in 1849, another for obtaining paraffin 
from peat. Through neing a comparatively poor raw 
material, neither of these practical chemiets was able, 
however, to make bis project a couuuercial success, 
and it was reserved for Mr. James Toung, who car- 
ried ou his researches in entire ignorance of these 
earlier scbemes, to solve the problem by operating on 
B fer richer substance, namely, the Boghead cannel 
ooal, to which I haye referred in a former page. 
Paraffin oil and paraffin were made on a most extensivo 
Bcale from this coal by Mr. James Young and his 
partners at Bathgate for twelve or thirteen yearfl 
previons to 1864, and perhaps it was the continually 
increasing dcauind for the products of this new in- 
dustry that initiated, or at least greatly stimulated, its 
now powerful rival, the American petroleum trade. 
Although it is beyond question that the extremely 
Boccessfol process which Mr. Young patented in 1850 
was entirely his own invention, it differed in no essen- 
tial respect at leaet from Du Buisaon's, except that it 
was applied to coal and not to shale. More remark- 
able, however, is tho fact that coal has since almost 
oeased to be the raw material from which paraffin and 
paraffin oil arc prepared, and that manufacturers are 
now by preference distilling these bodies from the 
richer bituminous shales of the coal mcaauiea, that is., 
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a closely analogons Bnbstance to what has &ilad 
to give profituble results in earlier trials. 

Now ttiat I havo ouusidered coal witK referencB to 
ita distribution, its nature as a miueral, as a sonroe of 
light and boat, and, Instly, a.a a material from which 
\/j cbomical processes various serviceable products can 
be obtained, we are iii a position in some degree to 
cnilerstaiiil why tlie various estimates which have been 
formud of late years reHpecting the duration of our 
coal fields vary so much, and. how difficult it is to come 
to any aatisfactory conclusion on this important qnes- 
tion. The total availahlo coal in the United Kingdom 
in 1870, at depths not exceeding 4000 feet, and in 
■earns not under one foot in thickness, as we have 
already seen, was, according to the careful estimate of 
the coal commissioners, 14C,4.80 millions of tons. 
Since then fully GOO millions of tons have been raised, 
BO that not more than 146,000 millions remain. Takiiig 
present annual production at 125 millions of tons, 
and supposing it not to inorease, our coal supply would 
9se circumstances last 1168 years. There are 
sot wanting persons, indeed, who take the extreme 

that it may actually servo all the wants of the 
country during that time, thinking that hereafter the 
population will but slightly, if at all, increase. On the 
assumption, however, that the present rate of growllt 
in the population and productive industry will con- 
tinue, Professor Jevoaa a few years back estimated 
that 110 years would suffice to exhaust the whole of 
our ooal. Mr. Price Williams, on the other bond, 
'bolding the view that the rate of increase in the ooii> 
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sumption of coal will for several reaeona greatly di- 
minish, eubeequoutly eetimated its duratioQ at 360 
years. This view is probably the one moat largoly 
Bbnred in, so far ns known circumstanoea can eunble 
aajone to solve snob a problem. 

Apart, however, irom the relation in which this 
question stands to the probablo increase in the popu- 
lation and manufacturing power of the country, there 
are other things to consider which may in no small 
degree change the aspect of matters. The recent high 
price of coal set agoing sovoi'al companies for the 
manufacture of condensed peat, and drove some of the 
gas companies in Scotland to substitute shale for coal 
to yield gas ; so that here are two ways in which the 
fact of coal becoming dear may check the drain upon 
it Some disturbance of the existing arrangements in 
gasworks being necessary when shale is used, the 
companies have for the present returned to the employ- 
ment of coal ; but bo snitable are many extensive beds 
of bituminous shale found in the coal moasnroB for 
making gas, some of them yielding 7000 cubic feet per 
ton, that any considerable permanent increase in the 
coat of coal would probably result in saving nearly the 
whole of what is now consumed in this manufacture. 
Even now the oil which baa boon of late years so 
largely manufactured from this shale, as well as the 
somewhat similar body potroleiun, of which such 
astonishing (quantities are found in the United States, 
famish a cheaper and equally good, if less convenient 
light than coal gas. Paraffin oil and petroleum can 
also of course be used as a source of heat, aud. tb<e>i» i& 
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ft likelihood that were some well-contrived fumacv 
Oonfitnicted for burning them, their employment ifX 
this purpose would become extensive. Aa yet, only 
the richer shales have been used for the productic 
oil, and those who ore beet acquainted with the subjeol 
Are sanguine, that hj some eimpler apparatus ' 
what is at preseut in nse, shales now looked upon vS. 
worthloas will before long be profitably distilled- K 
is but a very few years yet, since the richest of theoft 
were considered to be of any value in this coimtiyj 
and it is now certain that many of our beds of sbale 
may be reckoned upon as a material addition to om 
stores of fuel, although to what extent can only b? 
roughly guessed. We know, however, already thrf 
those seiuus of this suhstonce which may be roundl} 
taken at from one-third to one-half the value of coa|| 
contain many millions of tons. 

How far peat will take the place of coal when th< 
cost of the latter is much enhanced, is a coutingene]) 
which has perhaps a stiU more important bearing 
the question of the duration of our stores of mine; 
fuel. That it will do BO to no inconsiderable esb 
wo may be qnite certain. During the past thirlg 
years many weU-directed efforts have been mac 
towards utUizmg the material in the very extenai, 
peat bogs wbich exist in Ireh.nd, but beyond pro* 
dicing, by compression or other treatment, a compa« 
and useful fuel for domestic use within areas ^^i.^^ 
Tot Lr 'f " ^^ ^' ^S^' little else has, 

ZJT ;r'"P''^'*^^- Sir Eobert Kane, who h, 
long devoted great attention to this subject, ™,S 
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in 1864, Bays that " the extenaion of the railway 
eystem in Irelftiid, as well ae the low rates of freight 
for sea-borne coal, have deprived the question re- 
garding peat as a fuel of much of the importance 
formerly attached to it." This was of course written 
before the anxiety ahout the possible early exhaustion 
of our coal fields had been thoroughly aroused, and 
before the recent great advance in the price of coal had 
been anticipated, so that the question Las now quite 
a diSferent aapeet. Thirty years ago the extent of peat 
bog in Ireland was estimated by Sir K. Kane at nearly 
iihree millions of acres, and a considerable portion of 
this averaged 20 feet in depth. This immenee store 
of peat is probably not yet greatly diminished, and 
there is also a large orea of it in England and Scot- 
Lmd. The conversion of the better qnabties of much 
of this material into a fuel, which will be convenient 
and economical in many localities hitherto preferring 
to bum coal, is plainly only a question of time. It was 
tmly aaid some years ago, with reference to the com- 
prohenBive schemes from time to time projected for 
utilizing Irish peat, that " the bogs arc often very 
extensive and deep, and in the present condition of 
this country with regard to mineral fuel, are more 
likely to swallow up treasure than to yield it." 
Perhaps this may BtOl be the probable fate of such 
enterprises. Even when best prepared, peat never 
possesses more than two-thirds, and more generally 
it has only one-half, the heating power of coal. 
Besides, weight for weight, peat is a much bulkier 
Hubetonce. The odvontagea of using coal, bo long 
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Bnt (rf more imporluice tbkn ptimdlng serviceable 
■nbstitnUA for eoal are the varions plans for prorenting 
waste in its combnetion. The iron mannfactore is 
perh^s the field where the greateet resnlts in this 
req>ect may be expected. In most of the Englieh 
districts coke is the fuel consumed in the blaat- 
fotnacee, bnt in the Scotch, it is raw bituminous coal- 
In either case a great saving uf fael takes place, if the 
fomace is closed at the mouth mtL a valve, so as to 
utilize the combustible gases produced in the smelting 
procesB, which ate still in nmny inBtances allowed to 
'flscape into the atmoaphere. There is high authority 
■" ir Btatiag that with open-^aouthed fomaceB, four-fifths 
of the heating power of the fuel is wasted. The idea 
of Bdviiig these " waale gases," as they are called, is 
old, but the practice of actually doing it is com- 
paratively now, and ie far from universal even now. 
Yet 80 remarkable is the efiect when this is attended 
to, thftt in tho Cleveland district of Yorkshire alone, 
on the annual production of 1,000,000 tons of pig-iron, 
Mr. Letluan Bell estimates the saving at GOO 000 tons 
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of coal. A difficulty attends the adoption of this plan, 
liowever, when the coal is employed in the raw or 
uncooked Btate ; but quite recently, by a farnaeedeBigaecl 
by Mr. Ferrio, of the Monkland Iron Worts, this 
difficulty is overcome, and a ton of iron can be smelted 
by this new furnace with 3i cwt. of coal, instead of 
the 54 cwt. required in the older ones. Mr. Siemen's 
regenerative furnace is also destined to be of essential 
Berrice in some branches of the iron manufacture, as 
well as in other industries. With it 12 cwt. of coal 
Bnffice to melt a ton of steel, whereas 3 tons of coke 
are required to accomplish this in the ordinary Sheffield 
fnmoce. The Bessemer process for making steel, 
again, consiunes far less fuel than the dlder methods, 
and as the production of this peculiar kind of steel is 
rapidly extending, the saving of fuel by it will become 
considerable. Perhaps the making of coke is one of 
those processes where least success has attended the 
attempts to utilizo waste heat, and still even here 
plans are in use for the purpose which are not entirely 
failures. It is nnnecessory to refer again to the 
results of recent, and to what may be expected from 
fntare, improvements in the steom engine, with refer- 
ence to the consumption of fuel. Nor need wo wander 
into the details of kilns, furnaces, and other heating 
apparatus employed in such oi'ts as glass making, dis- 
tilling, sugar refining, alkali making, and many others, 
to point out how in nil likelihood much less coal will 
one day bo found to do the some work. 

And Laving put off to the last the question of 
economy in fuel for domestic purposes, I need only 
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mention the fact that there, too, the waste ie at leaet 
OB great ns in any other direction. Not to speak of 
those in use in Germany, from which a hint might be 
taken, the etoves of Sjlveater and Dr. Amott, beeldes 
many ingenious ones of more recent date, are adapted 
to secure fur us a much greater quantity of heat from. 
a given quantity of fuel, than the grates ordinarily h 
use in this country. Bat the length of time some of 
these have been before the public without coming into 
general nse showB, on the one hand, how difficult it is 
to secure the introduction of any new contrivance of 
this kind, if it be attended with a little extra trouble 
and on the other, how much the luxury of an open fire 
IB preferred to tho economy of any kind of closed stove. 
Btill we shall come in time to think that some pUn 
for burning coal in onr homcB to much greater advan- 
tage than we do at present is worth a little attention, 
and that even the cheerfulnese of a fuUy exposed 
may cost too much. Further, when for every purpose 
the best Bcbemos already put forth for burning coal 
economically are widely adopted, more will be coming 
to maturity, and the march of science, which is 
tinually putting to-morrow in advance of to-day, will 
in due time bring others stiU better to the front. Any 
oonceivahle estimate of the duration of our coal fields 
made half a century ago would aGsuredly be for wide 
of the mark now, and tho best that can be conjectured 
now is not likely to seem more truly prophetic, after 
another fifty years have rolled away. 
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Bv Waiushtos Vf. Sjiyth, M.A., F.R.S. 

EiOET years ago the total quantity of coal raised in 
Great Britain in twelve months had attained what our 
fathers would have called the fabulous amount of a 
hundred millions of tons. For some time before, the 
statistics of the subject seemed to show that from two 
to three millions of tons increase over the previous 
year were annually produced ; and so, in fact, it 
■went on, till in 1873 the output exceeded 128,000,000 
tons. But alas 1 for the theoretical views based on 
this annnsl increment, the effects of Lord Aberdai'e'a 
" Act," co-operating with other causes, strikes, and 
inflated prices, have produced the natural result of a 
grand check ; and the account for 1874 shows, instead 
of an increase, an actual decrease of two millions of 
tons. 

Were a Methuselah among the minors to narrate his 
experiences aa to the changes which from small be- 
ginnings have landed us amid these large figures, he 
would furnish a history of much general interest 
throughout, and of gradual improvement, but one in 
which the most striking part would belong to a limited 
portion of the present century. 

" 'Tis sixty years since " that an event took place 
which in some of the most productive districts greatly 
changed the character of coal-miaing operations. Dc. 
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Claniiy, George StcpheaeoD, and Sir Homphry Davj', 
nil about the same time, were at work upon the inven- 
tion of a lamp nbich ahonld be carried securely through 
spaces filled with inflammable air. Glancj has the 
credit of being the first, in 1815, to devise a lamp 
which was actually tested in an explosive atmosphere. 
But Davy's researches on Same and his soggestioa of 
the wire gaoze, introdoced in 1816, so entirely took 
the lead, that a new era of coal mining may be said to 
have begun, when Bnddle, the first coal viewer of his 
day, hanging up the lamp in a fiery place, and watch- 
ing it grow red hut without firing the gas, cried 
einltiugly to hia companiona, " We have at lost anb- 
daed this monster." * 

The introduction of the safety lamp made it possible 
further to systematize and to enlarge the scale of 
working of valuable coal areas. It not only facilitated 
the fall examination of the excavations of a mine, and 
the adoption of due precautions against the drcdamp, 
which could thus be securely approached ; but it 
rescued from neglect and waste many a tract which, 
without such a protection to the men entering it, would 
have appeared too dangerous to trench upon. 

But strange as it may seom to be, of the sixty years 
which have spod away since Davy's visit to the North, 
a third part passed without any very groat change, 
either in the inner or outer appearance of coal minee, 
developing iteolf. Then came the rapid esteneitm of 
steam navigation, and the startling progress of the 

• EvideuM befwe Select Commitlee, Hoit* of CommonB, 
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fail ; and the lant forty years, introclTieing into the 
coal trade the conditions of urgent demand and fre- 
qnent opportunity, have witnessed the remodelling of 
all the aooeseoriea of colliery work, escopt the first 
simple process of hewing the coal. 

If ODe had any doubt as to this period of comparative 
stagnation, it would be set at rest by th^ distinct 
testimony of George Stephenson. Before a Committee 
of the House of Commons in 1835, that clear-headed 
engineer, after his vivid description as an eye-witness 
of the explosion at Killingworth in 1806, stated that 
he thought there had boon no improvement for the last 
ten or twenty years, and that if a new colliery wei'e 
opened out now, the same plan wonld bo resorted to 
that was followed twenty years ago. 

The Oomnuttee above mentioned was appointed in 
consequence of the terrible accident at the old Walls- 
end Colliery, which destroyed 102 lives ; and the 
admirable evidence which was brought forward on the 
occasion gives a most convenient standpoint for the 
Appreciation of the changes which have occurred. 

LiQHTma OF Coal Mimes. 
And, first of all, as to a secure means of lighting the 
mines. We have to rememher that very many of our 
collieries, and even whole districts, are free from fire- 
damp; so that nothing more than candles or open 
lamps are there needed. When, however, the seams 
are "fiery," and give off carbuietted hydrogen, either 
from the whole mass of the coal, or in the more dan- 
geronB concentration of " blowers " or sudden outbuteta. 



TOO SSITISB MAXTFACTCSiyV TXPVSTBTtS. " 

the worae cue* will require Uial E^fety UmpB be em- 
ployed throughout the entire mine, whilst in b large 
proporticiii of them, maA especiallj where the exndatioa 
of g>a U regttW, the luost Approved plan ie to linut 
the safety Umpe to oertun districts, uid to use caudles 
dsewfaere. This mixed Eystem, hotveTer, to be in auj 
wise Becqre, most co-exiet with > Etrict discipline, stA < 
with a Eoit&ble trestment of ^e ventilatiiig air- 
cnrrcnt&i 

In sixty years the Dary l&mp has met with its fiill 
share of abase and adverse criticism, and its &iends 
have sometimes been icjudicion^ in concealing or pal- 
liating ite defects. Its small modicnm of light is of 
oouTGe a palpable point of weakness, and this doubtlesft 
leads to danger, by temptii^ the men to remove 
top or obt-tractiTe wire ganze when tfaey think the 
good, and particularly wish to see better in order to' 
pick their coal clean. Scores of inventions have be^i 
brought forward — locks, and stamped pins of soft 
metal, self-acting extingniahers, and detectors, to pre* 
rent such tampering ; and a lock of one sort or anothei 
is now almost invariably used, and guarded by Bpeoi4 
rrdes. A very ingenious method is that exliibited w\ 
the Paris Exhibition of 1867, by M. Amould, of Mona, 
and since modified and patented by Craig and Bidder ia 
this country— of locking by a spring, and unlocking thQ 
lamp on the poles of a powerful magnet, so that, exced 
at that particular point in the Ump cabin, in the b 
rf the pr«i.Ung offioial, the gau.e cannot be tmscrewoai 
No objector could point out more distinctly than dii 
^vy him«,lf, that the safety of the honp ceased, if It 
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Bopfeoe were exposed to a cnirent of mfiftmniftble air 
movingat ft greater Telocity than 5 feot or 6foot a Beeond. 
The warning waa unfortunately overlooked for many 
years, and the danger is rtill apt to be ignored, although 
ready to he brought into play by an unusual draught 
or oven puff in a foul stall, or in the gas-drift, such as 
would follow on a man's walking against the wind, or 
where an obstruction ineroaBes the Telocity of the air, 
or if a person advancing at a medium pace should 
atumble, or otherwise jerk his lamp. And many 
cavillers stepped out of scientific circles and termed it 
a &ilure, asserted that it was "practically unsafe," 
and predicted that it must be replaced by this or that 
improved form." Tet after so many years of fiery 
ordeal, after thousands of them being in daily use and 
e^msed to the many unfavourable conditions of miaing 
life, there remains the experience that scarcely half a 
dozen cases of accident can be traced to the Davy, and 
the significant fact that to this day it is more generally 
approved and employed than any other form of safety 

Thin question, however, of liability to explosion in 
a sharp current of firedamp or foul return air has of 
late years been thoroughly sifted by a Committee 
of the Northern Institute of Engineers, and their main 
reeultB showed that a current of 8 feet per second 
would pass the fiame from the Davy or the Mneeeler 
(Belgian) lamp; that 9 feet and 10 foet per second 

• Mr. John Tajlor, of Ijondoo, " agreed with Mi, Q. Gnmej, 
na to tho iuefBciac; of the Davy lamp." Seleot Ooaunittee oa 
AoddentB in Mineg, 1835, p. 19. 
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would pasB it Uiroagh the Clanny and StephenBDn Ump 
reejiectivelj ; uid 12 foet tbrongh the Davy, provided 
with a ahicid from top to bottom. 

Alarmed bj tlteso EUtemcnts, a Dumber of viewers 
and lamp makers have worked hard at new modifica- 
tioue ; and as far as resiGtance to Telocity goes, some 
of the new varietioe, among which nmj be mentioned 
Haun's and Balnbridge's, have sncceBefnlly withstood 
currents of 40 feet and even 50 feet per eecond. But into 
these new conetmctionB there enters another sonrce of 
insecurity, viz. glass ; and where the inlet and outlet 
of the air have to be so jealously guarded, there is a 
risk of creating eneh obstruction by successive plates 
of wire gauze, that the lamp will iail in its prime 
duty— that of burning. 

Very generally, from its lightness for carrying, and 
its seusitiveneES to a very small proportion of firedamp 
in the air, the Davy ia preferred for the preliminary 
examination of the workings, before the men are ad- 
mitted to their several places. In some instances the 
Chumy lamp, as giving a good light, is used by the 
officials and for surveys ; and in some of the largest 
pits in the North it is extensively uaed also by the 
men. In many more mines, and especially in the 
North and in tiie Barnsley district, preference has been 
given to the " Geordie," or Stephenson lamp ; and well 
phielded as it is against an ordinary current, and prone 
to be qniokly extinguished in firedamp, it doubtlees 
offers a high degree of security. In the Wigan dis- 
trict, years ago, the Mueseler lamp, long the most 
approved safety lamp of Belgium, with its excellent 
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light, was EncceBsfully tried, nnd I have fiince met 
mth it in extensive use at several other Euglish 
locnlitiGB. Mr. G. Tylden Wright states that he has 
had 580 of them in daily use for fifteen years at Shire 
Oaks Colliery, that their average life is three years, 
and that since they were adopted no explosion has 
occurred, though it is admitted that the pit is very 
fi*e of gas. At Wynnstay Colliery, North Wales, 
600 Mncseler lamps are in daily employment, and 
ahont 25 glasses are broken per week. At Hafod-y- 
bwch Colliery, near Wrexham, 600 are also used, and 
the breakage is about the same, giving 1 in 24 broken 
per week. This is a large amount, and might appear 
to support the strong feeling against the introdnction 
of glass into safety lamps whieh is still held by many 
experienced coal viewers ; but it is not in the dangerous 
and critical 3>art of the operations that those breakages 
mostly occur, and many of them seem to take place 
when the lamps are being carried to the cabin or up 
the pit to he re-lightcd.* 

There are thus, besides the simple Davy, some half- 
dozen patterns of safety lamps, which, having been 
admitted in nmnhers to the crucial test of practice, 
have shown that under ordinary conditions in mines 
they may he employed with confidence. Yet there are 
still questions, especially such as toueh on the passing 
of the flame through the gauze by a blower, or current 
- of air, or the puff from a distant eiploeion of powder, 

" Joseph Cook aod Co., of Birmingham, and Teale, of Mnn- 
ohester, are notable as makara of Oibbb lamps, and purveyors of 
tlie glasses. 
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irhtcb demood epecikl curtioo, and, in some instances, 
farther eiperinuent and consideration. 

Nothing can be more trinmphant for those who 
angnred well from the firet sncceasee of the Davy lamp 
in 1816, than an examinadoD of the causes of accidents 
hj explosion since that time, and a comparison of the 
ie, few and &r between, where the lamp has been 
held to be in fault, with the manj and great calamitiea 
proved to be due to naked lights. Innnmersble are 
tiie rciKonA-et with danger duly known to the officials 
l of a fierj mine, and securely passed through by aid of 
\ Qieir admirable, if imperfect, instrnmenL 

ScxiNG OT Shaits, 

With the increasing eihanstion of the shallower parts 

' of the cool fields, the sinking of shafts boa become more 

than ever a matter of importance. The old workings by 

levels, adits, or songhs, and by inclines or elopes, paesing 

in from the ontcrop of the Beams, are getting altogether 

eclipsed, even in hilly districts, by deeper workings, 

made accessible by pits. The greatly increased ontpnt 

also of the last forty years, and the modem reqnire- 

ment that every mine shall have at least two ontlets, 

has constantly promoted the Hinking of new shafts. 

Shortly before 1830 it was a matter of wonder, when a 

dngle famous pit nearly approached 300 fathoms in 

depth ; now, we have Dukinfield, with a depth of 3S0 

fatbomG, and Rose Bridge with upwards of 400 fethoms. 

And, whilat the majority of the pits of collieries nsed, 

. in the days of the elder Stephenson, to be 7 feet o 

I feet, or rarely perhaps 12 feet in diameter, it is no 
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tiling, witliin the last few yeara, when 
making airangementa tot a large area, to sink the 
shafts 14 feet, 16 feet, or even as much as 20 feet in 
the clear. 

The statistics aboat the stnMng of deep and dif&cnlt 
shafts are often a delicate subject for inquiry. Some 
have been entire failniea, others havo cost far more than 
was eBtiroatod ; but it may probably bo assumed that, 
except at a time of uuuBually high wages, most of those 
great undertakings have, within the last fow years, cost 
somewhat loss than similar works a generation before, 
and chiefly for the reason that the conditions are better 
understood. On the Continent, in the meanwhile, a num- 
ber of ingenious methods have been deviBed, especially 
in France, Westphalia, and Belgium, for piercing down 
through the difficultiea occHaiouGd by overlying watery 
strata. The mode adopted by Messrs. Kind and Chau- 
dron, of boring hoia the surface, a niveait plein, or 
without taking out any of the water, and then com- 
pleting their lining or tubbing before proceeding to 
pump it out, is one which Las now hoeu eflectcd in 
above a score of difBcuIt cases with unvarying success, 
and at an extremely moderate expense. 

Many new enterprises, to be attended by sinkings, 
naturally arose out of the anomalous and misohicvous 
inflation of prices of coal and iron two years ago. In 
certain districts it was last year calcnlated, that pre- 
paraticms were thus making for increasing the output 
1^ one-fourth or even one-third; and this appeared to 
' a the most natural way of making supply tally with 

emand, aud of restoring that moderation in ^tvx, 'Nt^lck 
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rWd in thiB coantry been our special advantage, u 
oompared with other nfttions. At that time the colliere 
and colliery speculations rode on the oreBt of the wave, 
though now thej are in the trough of the sea, and 
nuDy promising undertakings are checked, or even sns- 
pended. But amongst those which oontinue to advance 
axe a few in which novel methods are being attempted, 
snch OS preparing blast holeB with mechanical drills, and 
sinking b; aid of a number of vertical holes pnt down 
b; the diamond borer. Neither appears as yet to be 

r recorded as a notable Bucceaa. 

■ TuBBtMO OF Pits. 

The engineers, or more properly coal viewerg, of the 
beginning of the present century deserve much credit 
for the completeness with which they accomplished the 
exclosion of water from shafts by means of a lining, or 
"tubbing," fixed so as to face the watery strata. After 
planking, solid wood, and cast iron rings, rcstihg on 
flanges, had been snccessfoUy tried, the system of 
employing eegments of cast iron, flush [towards the 
inner part of the ebaft, and wedged back against the 
ground, is the form which baa now been very largely 
adopted. And it is wonderful to see the success in 
the case of workings which are entirely dry, carried on 
beneath Btrala which, at the time of the sinking of the 
pits, poured in their hundreds or even thousands of 
gallons of water per miuute. A source of trouble and 
expense in repairs bos been the destruction of the cast 
iron by the fumes in upcast shafts, and by acidiferoos 

^mters ; but to meet this, a farther lining of the iron, 
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by close-Jointed wood or by brick hoa been naed witk 
advantage. One of the moet remarkable inBlances lias 
been at the Shire Oaks Colliery, where no lese than 
180 y»rds of continuona cast-iron tubbing were put in, 
and where, after etanding for many years, a length of 
30 yards was, four yeare ago, changed in the uxMaist 
shaft, from the plates having been broken by the alter- 
nate contraction and expansion cauBod by changes of 
temperature, though, by aid of good protoetion, the sub- 
stance itself was not in the least worn or corroded.* 

WoBKiNG OF THE Coal. 
When wf^paas from these preliminary operations to 
the thousand and one forms assumed by the nnder- 
ground workings, we step into a field where the vary- 
ing conditions of the seam itself and its roof and floor 
tax in a high degree the judgment and experience of 
a mine manager. The methods follow a variety of 
modifications between two extremes, viz. the post and 
itall aystent, or bord and pillar, in which a given 
district is at first worked over narrow excavations, so 
that no considerable fall from above shall take place, 
and the long-wall system, in which the whole of the 
available mineral is removed in succcaaive alices, and 
the roof or superincumbent mass allowed to &U in. 
The most notable seat of the former is in onr northern 
conntiea, and in the Btoup and room of Scotland. The 
latter, "long work," hoa been chiefly practised among the 
thinner seams of central England, the very low ones of 
setshire (down to 13 inches), and in the Forest of 
• 0. TyldeD Wright, MS. oonunnnioatbn, 1875. 
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Dean, and ports of Soath Walee. Toikehire, partica- 
larly in the Bamaley seam, and portions of North and 
of South Wales, exhibit a nnmber of other plans, more 
or less intermediate, which mostly requiro a study on 
the spot before an opinion can be formed on the reaaon- 
abloncas of their introduction. 

At the first view it would appear that the long wall, 
clear and simple, admitting, too, of a most direct and 
powerful ventilation always bearing on the working 
faces, leaving no open spaces for the accumulation of 
gas, and clearing out everything as it advances, oi^ht 
to bear the palm. And iudeed, although generally 
nsed where the seams arc low and the roof mod.erately 
good, it has been shown by Bomo of its advocates to be 
capable of application more or less modified, even 
where roofs break very short, and where the seams are 
as thick as 14 feet, as at Church Gresley, or as the 
half height of the 10-yard seam near Dudley. There 
is no doubt that, in the face of difficulties and pre- 
judice, the system has in the last few years made much 
way. It has been made to replace, in some instaDoes, 
other modes which appeared to be fraught with more 
danger from explosion, and in many more has been 
preferred from motives of economy, and especially 
from the largor proportion of ronnd or large coal 
which it commonly Heoms to give. Even on the Tyne and 
Wear, the classical stronghold of the bord and pillar, 
a number of very important workings are now con- 
dncted on a modified plan of the long wall. In few of 
these cases, can we expect to see the fine regularity of 
the pits in districts where all the oircumBtanccs are in 
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its favour, ae in South Deibyshire or NottingbaiuBfaire, 
and where a straight face of coal may be seeu for 
himdrods of jarda in length ; but by leaving rectan- 
gular pillars of extra proportions, and working them off 
in long wall fashion, or by communicating different 
groups of excavationB and avoiding the intermediate 
narrow work, many of the solid advantages of the long- 
wall method have been gained. 

The system of working by hord and pillar has, in 
the course of this century, been snhmitted to a eeries of 
successive changes in the proportion of the parts ; and 
for the following two reasons; 1st, that the pits have 
been gradually advancing iiom small depths, at the 
oukrop, on the western aide of the field, to nearly 300 
fathoma, or 1800 feet deep on the east ; 2nd, that 
the pillars have come gradually to he considered not 
merely a temporary prop, to keep up the roo^ but a 
source of merchantable coal at a future day. In 
modern arrangements therefore, inateod of the old 
plans of leaving one or two yards thick of coal, which 
would rapidly craah down into powder, or even four or 
eight yards thick, which were apt to suffer from thrust 
and creep, or, in more favourable conditions, would 
not, after iong-continned presaure, yield a saleable coal, 
qnite different views are taken of the ratio between the 
openings and the supports in the first working. Thus, 
at Whitehaven, where the coal is very strong, the 
pillars are tamed of 20 yards square ; iu the deep pits 
in Durham, dimensions of 24 yards by 30 yards are 
&equent ; at Byhope and at Seahaui, where the depth 
is very great and where the workings are extended 
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under tho Bea, they have been nukde 40 yards by 40 

yards ; and at Monkwearmontb, for the purpose of ulti- 
mately getting the pillars by long wall, they have been 
extended to 60 yards in length. There is thus generally 
introduced a plan of extracting at first only about one- 
third of the coal, for the purpose of ultimately obtain- 
ing, with the greatest amount of Bocurity to life and 
property, the fullest proportion of available coal, by a 
regularly conducted operation of pillar working. 

But the arrangements may also differ in another 
point. There are coal districts whore, when the area 
of a colliery ie but Bmnll, and where the capital of the 
proprietors is abundant, it may be found advisable to 
work by hack-sirolei only. The roadways are in such 
case driven ont to the boundary, and the coal worked 
on a large scale back towards the shafts, leaving the 
goaf or eihannted spaco always behind and done witL 
On the other hand, tho necessity for making returns, 
and especially in tho coso of extensive " royalties " cff 
leased areas, tenders it preferable, and indeed unavoid- 
able, in most collieries to work oufmardg from the pits, 
or even to open out in several parts of the field at once, 
and thus to complicate the plan of the workings, and 
to introduce the objectionable feature of wastes or 
goavea variously intermingled with workings in the 
whole coal. 

tt is to Mr. Buddie and his contemporaries that we 
owe the very important modification (not always yet 
BufBciently appreciated) of not running tho preliminary 
workingB over a large area as a single monotonous 
plan, bnt of ratlier eubdividing it into a series of 
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dietricte or " pannelB," divided from one another by 
BobBtantial ribs of nubrokea coal. In tbis way, tbe 
apace over wbicb an accident would extend will be 
limited. If ft creep, dne to pressure and heaving floor, 
occur in one pnnnel, there will be a fair prospect of 
its being brought to rest when it arrives at the thick 
limiting masses of coal. If a fire broke out, it would 
be poBsible, by putting dams into the few orifices 
through the barrier, to isolate and probably extinguish 
it, without injury to the rest of the works. And even 
in the event of on esploeion, if the air currents be 
properly managed, ao that each pannel represents as it 
were a aoparato mine, there is fair probability of 
limiting its fatal efiects. 

Coincident with this division of the area into separate 
districts come the conclusion, that it is advisable not to 
edlow the pillars to stand for too long a time im wrought, 
bat that after a certain area of " whole coal " haa been 
converted into " broken," by the driving of bords and 
the headways which intersect them, a commencement 
shoald be made with (as circnnistanccs may demand) 
the thinning or splitting, or entire working off, of the 
pillara. 
I In the ultimate winding up of affairs, when retiring 
towards the shafts, it is expected that these barriers 
themselves, and the ribs protecting the main roada, 
nay even a great portion of the shaft piilars as well, 
may he gotten, and thus a percentage of the mineral 
obtained which, under favourable circumetoncea, would 
vie with that given by the long-wall syatem. 

Among the intermodiate methods of getting the bulk 
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«f the ookl, still largely pncttsed in various parts of 
the ooimtry, nwy be menticmed particalarly tbe hank I 
WD^ of South Torkshire, the viide vickeis of North 
Wales, and the doMe lialU often used in South Wales. 
These aje separate and parallel lines of workjng, to 
wide (trom 8 yards to abore 30 yards) that the roof 
must come down in the middle, and ways for the med 
and the air have to be kept open along the aides by 
timber and pack walls formed of the fallen roof-stone. 
Between the seTeral iaces of working, it is often the 
case that advanced drifts (bord-galeg^ in Yorkshire) are 
poshed forward, for some yards at least, serving for 
exploration, and to some extent for drainage of the 
gaa. The drawback of theee systems is the multipli- 
CBtiona of the goaves or gobs, so apt as they are to 
become the magazines of uoiioas gases, and the close 
jaxtapoeition in which they are placed to the mfy'ority 
of the men whoso work is to how the coal. 

It is impossible to quit this portion of my subject 
without glancing at the actual getting of the nuneral, 
the operation which involves the largest part of the 
expenses of a colliery, and probably that which gives 
the largest amouat of trouble and annoyance to the 

The double-headed pick, wielded by a strong arm and 
directed by a sure eye, is still the " queen of weapons " 
in a coal mine. By it the kirving or undercutting is 
carried out to a depth varying from n few inches to 
throo or four feet ; if the jointing of the seam be such 
as prevents its standing for this operation, the coal 
may be hewn down bodily or " pinched " down with bars. 
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Then, in narrow workingB, it may reijiiiro also to be 
cut or sheared Tortically by a similar, thoagh eome- 
titnea heavier, pick. After this comes the wedging 
down, or the enbetitnte, so largely adopted at the pre- 
sent day, of blasting with powder ; and to the objec- 
tions raised against this latter plan, that it shakes the 
coal more, and that it is sadly conducive to accidents, 
there is always returned the answer that, without the 
effective agency thus obtained, it would be difEcnlt for 
certain collieries to maintain their place in the general 
competition. Where, ia the meanwhile, are thosu 
mechanical appliances which, for above twenty yeai's, 
have been subjects of description, discussion, patent 
rights, and eiperimont? The answer must be that 
difficulties, for the most part unforeseen, interfere with 
their application, and that a very few out of a long 
list can bo hold to show a promise of being really 
practical instruments. I had the opportunity of 
watching, as long ago as 1863, the remarkable kirving 
done by Mr. Firth's pick machine, driven by com- 
pressed air, at Hetton, and I am informed that it is still 
in use there, whilst a modified form of it, with improved 
air compressor, has long been steadily working at West 
Ardsley, near Leeds, and holes succossfnlly in the stone 
nnder the caunel. Some of the rotary cutters are also 
well spoken of from the scene of their experimental ap- 
plication ; and indeed, where circumstances are favour- 
able, such as moderate height of scam, good roof and 
even floor, several of the machines appear to come very 
near to the border line of attaining a practical success ; 
bat it may be doubted, without doing iujustic 
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ingenuity of the inventors, whether either of them \ms 
yet croseed that much debated boundary. 

If we now turn from the face of co&l, where either 
once or twice a day, according to the custom of the 
dietrict, a fresh fall of the material ia brought down, 
and look to the manner of bringing it out to the day- 
light, we shall find a surprising change wrought within 
the memory of man. Tho distance which the coal has 
to be conveyed may vary from a few score yards to o 
or tiro miles, and whenever it is at all considerable, 
the difScnlty of keeping underground roods in good 
condition renders tho question of maintenance one of 
great importance in the economy and in the power of 
dealing with a large traffic. 

Undbrobouhd Convxyahob. 

It is unnecessary to go back to the time when sledges 
were nsed fur dragging the coal from the face to the 
bottom of the shaft, a plan aided by tho slippery nature 
of the floor or nnderclay, and still employed in the 
early part of the journey, where seams are low and 
auxiliary ways have to be travelled before coming to 
the main roads. The " putting " or " carting " of this 
preliminary stage, although mostly done by hoys, is a 
very expensive item, but so also is the cutting of extra 
height for a main roadway, and one source of cost has 
to be balanced against the others, in dotermining the 
best form for the work. In the north, Shetland ponies 
have been largely employed to do the work of the. 
putters, with small boys only to drive them — a plan , 
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of comse not applicable where, as in Somersetebire, 
seams of only 12 inches to 15 inches thick are worked. 
In the subordinate roads a single corve or small 
waggon, commonly called a tub, is handled at once, but 
CD re«ching the main road or rolloy way, a number of 
them would be brought together. The cwre or basket, 
in which throughout our most important dietricts all the 
cool waa conveyed, up to some thirty years ago, is now 
almost a thing of the past, and the picturesq^ue group 
— near the pit baak — of men occupied in the mending 
or weaving of the corves is almost everywhere replaced 
by the carpenter's or smith's work of preparing wooden 
or eheet-iron tubs, trams, or carts. A great point 
gained is where the height of the seam is sufficient to 
allow the same waggon which is to perform the jonmey 
to and np the ehoft, to be brought into the stall or close 
to the face of the coal, and there to be loaded once for 
alL A small traiu of these tubs, with wheels of from 
8 to 12 inches diameter, will then be drawn by one 
horse along the "min road, instead of introducing the 
old intermediate carriage or rolley. Practice diSers a 
good deal both as to construction and capacity of these 
tubs : in the north they contain from 6 to 12 cwt. of 
coal f in the south, especially in Wales, larger trams are 
often preferred, carrying a. ton or more. The serjons 
expense connected with the keeping, in the larger 
collieries, of a hundred or two hundred horses, in- 
dnced engineers, many years ago, to study the means 
of substituting engine for animal povirer, to be applied 
to the traction along the principal roads ; and in this 
great improvement the initiative has been taken by the 
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FeoUier; districts of the north and of Lancashire, but 
the example has been followed up with remarkable 
rapidity by a great proportion of our larger British 
works. 

In order to apply the power, either wire ropes ara 
led down the pit from machinery at surface, or steam 
engines, generally with double-coupled horizontal 
cylinders, are placed for the purpose in a securely 
arched chamber underground. These are supplied 
with steam, soractiraos from boilers at surfece, in other 
cases from boilers adjoining the engines, whilst certain 
managers, and with great success, have applied com- 
pressed air conveyed down the pits from air-compress- 
ing machines fixed at the surface. 

It has to be remembered that the natural conditions 
of the stratification vary bo mnch, that the arrange- 
ments for employing engine power have to be applied 
in very different ways. If the seam be comparatively 
horizontal, with inclinations of less than 1 in 28, the 
fnll tubs may be hauled by a wire rope fi-om the far 
end of an " engine-plane " to the pit bottom, but the 
empties will require also to bo hauled back again by a 
rope, for which purpose a lighter one, the " tail-rope," 
is employed, working round a large sheave at the ei- 
tremity. This being attached at one end to the foil 
train, and at the other to the empties, pulls the latter 
into the interior of the mine, by the same movement 
I «f the engine which drags the loaded set to the pit 
I bottom. Otherwise, in the case of a single line, the 
1 action is alternating. And if branch roada or planes 
8 off from the main line at intervals, they may, by 
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having ropes in them easily connected by shackle- 
joints to the principal ropea, have traiua pnlled along 
them in the same manner. This metLod, admitting as 
it does of the running of trains or " seta " of twenty 
to eighty tubs at once, and a speed sometimes as high 
BB eight or nine miles au hour, has greatly lowered the 
expense of carriage, and, with other aoutriTances, in- 
creased the power of output. And thus, in extensive 
collieries, it is no uncommon thing to bring together to 
a central point, the p\t or pits through which it is to 
be raised, as much as from 1000 tons to 1600 tons of 
coal per day. 

The first way in which engine power seems to have 
been applied to traction underground, was in the 
simpler case of a seam dipping at the shaft bottom at 
an inclination of more than 1 in 28, and where the 
tuba can run down by gravitation and pull out the 
winding rope with them. Mr. George Stephenson re- 
lates in 1835, how about the year 1815 ho was con- 
cerned with probably the first attempt of the kind, at 
the Killiugworth Colliery, and how the number of 
horses kept was thereby reduced from one hundred to 
fifteen or sisteen. 

In North Lancashire another method has come into 
UBe, that of an endless chain, revolving round wheels 
at both extremities of the road, at a speed of two to 
four miles an hour, the driving chain resting on the 
tobs, and these being hitched on at intervals of from 
10 to 40 yards. Endless ropes too, of iron or of steel 
wire, and driven in the same manner, arc now applied 
with much eacoess. They are made to pass round 



118 BBITISS MASUFACTURING ISDUSTELES. 

either a gronpof wheels or lotmd a Fowler's clip- 
pulley, to keep them duly stretched. In one plan the 
tubs or cars aro, hitched os at iuteirals to the rope, ia 
another they arc attached in sete, and by this latter 
method, taking one out of aereral branufaes, 300 tons 
per day of eight hours are habitually drawn by B pair 
of 12-inch cylinders along an engine road of from 
1000 yards to 1500 yards in length. 

It is ouly during the period which I have selected 
for consideration, viz. since the i^ventiou of &e DaTj 
lamp, that these improved roads and means of con- 
veyance have been possible. Edge-rails of wrought 
iroD wore introduced only about 1820, and in remote 
districts have not yet altogether supplanted the tram 
plates and narrow wheels whidi seem to have been 
almost universal, when George Stephenson and Nicholas 
Wood commenced those experiments on traction in and 
about the collieries which contributed so much to esta- 
blishing railways, and thereby altering the whole con- 
dition of society. 

Tho introduction of complicated machineiy and 
high velocities undergronnd has no doubt contributed 
a good deal to the risk of life and limb encountered by 
boys and men travelling to and from their work. But 
steps have been taken to meet the increased danger ^ 
refuge holes or recesses are cut or walled in the sides 
of the planes at 20 yards asunder, and distinct methods 
of signalling between the ends of a plane are enforced 
by the inspectors. Besides the more ordinary methods 
of wires and some kind of bell, electric signals are 
coming into play ; and a safer method than any other 
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as regards the perils of trayolling, is that of opening 
and nmm taming a special road for the workpeople. 

WiNMNQ IN Pits, 
In no department of coal working is the change 
effected during the last forty yeara so palpable and so 
etriking aa in. the winding or hoisting through the pits. 
A man of bnt moderato age CEUinot fail to remember the 
appearance of the corves, one, two, or throe in succes- 
sion, swinging free at tie end of the rope, in which the 
ooal was brought to the Burfoce ; or, in other districts, 
may call to mind the great iron bucket, or " hudge," 
into which they were tipped at the bottom, to be again 
emptied out by capsizing at the top. And to those 
who have frequently visited the interior, the memory 
will be equally fresh of climbing awkwardly into the 
said bucket, and then taking the choice either to be 
lost in its capacious hold, or to stand on the edge and 
assist in booming off from the aides, or at that unplea- 
sant point of meeting, whoro the speed was checked, to 
aid in avoiding collision when two ropca worked in the 
same compartment of a shaft. In many of the mines 
it was preferred that the men shotild go down in loops 
of rope, through which one leg was passed, and where 
the colliers, hanging on like a bunch of grapes, were, 
in the same way as the corves of coal, on arriving at 
the pit top, pulled over to the side by tho banksman. 
Nay, it was an every-day practice both for men and 
boys to descend simply clinging to the rope with their 
legs twisted round it; and we have tho evidence of Mr. 
Nicholas Wood, who had " frequently done so him- 
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self," that very few acoidenta oonld be traced to theae 
roethods of riding/ At the Bame period George Ste- 
phenson was aware that guide-rode had been adopted 
by Mr. Sparrow at Lane End, and that they bad been 
employed in Yorkshire, but " thongbt that they wore 
again disusing tbom." He bod soon the employment 
of carriages in the mines of the south for bringing up 
the waggon which carries the coal, but thought it 
would only "do for a very amall quantity."t His 
estimate was that the largest quantity bronght up in it 
day, where three corves — making up a ton of coal — 
wore raised at ouoe, might be 300 tons. 

What a surprising transformation is this, when we 
now, after only forty years' interval, look round and 
find every pit fitted with guides, either of wood or 
wire rope, or rolled-iron mils ; the men riding in ft 
Bmoothly-tra veiling cage, with a protecting iron shield 
overhead ; and the velocity of the ascent of the greatly 
heavier loads as much as 600 yards in a. minute ! 

The quantity which can thus be drawn at the cen- 
tral outlets of a colliery baa kept pace with the im- 
provements underground at which I have already 
glanced ;^ and it is no uncommon performance for a 
pair of pits, or for four ropes working in one largo pit, 
to raise from 900 to 1400 tons of coal in the day. The 
cages m these more extensive works, instead of being 

18^5^7?'°'"'^'" ^°'^' ^^^^^^ >»f"« Select Committoe, 
noll^n^i' f Prejudioo against this system waa that it ..a. 
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adapted to carry one tub, admit of a number of them, 
up to eight, being run into BnccesBivo compartmonts, 
two-, threo-, or four-decked cages. In order to lighten 
the load wbich haa thus to be lifted, the ropoa bavo for 
years past been made very generally of iron wire, in 
some caees of steel, and the cages themselves Lave 
been so closely looked to in this respoct, that the 
largest used in the trade, constructed of thin steel 
bare, weigh no more than 24 cwt. 

But in the hoisting through the deeper shafts, the 
weight of the rope is still a cause of difficulty. When 
its great length is considered, it will be seen that after 
passing the middle of the shaft, the descending empty 
cage will after a time, with the length of rope attached 
to it, begin to outweigh the full cage ; ond if this is to 
a great extent overcome by the use of the lighter 
modem ropes, there is etill the great etrain caused by 
the inertia of so heavy a weight at the beginning of 
the pull and the momentum that it acquires towards 
the end of the journey, which has to be counteracted. 

In the main, throe different methods of curing the 
evil have been adopted, which to n great extent may be 
regarded as being now on their trial. There is the 
varying radius, or leverage, of the dmm, when a flat 
rope is employed, which coils always upon itself, and 
therefore gives the greatest radius to the drum, only 
when the weight is just about to be landed. The wear 
and tear, however, of a flat rope so applied has for 
several years been leading to a preference for round 
rope. If this latter be employed with a cylindrical 
dmm, counterbalance chains passing over sheaves on 
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a high framing into on adjoining shallow pid'* 
found to do excellent service. A great weight is naa 
in these heavy chains at that portion of the winding 
where the engine has enperflnous power, and hangs 
ready to aseist in the pull, at the moment when the 
engine needs more power than nsnal. A third method 
is that of making the drum conical, and cither lapping 
the ropo regularly on a continuous conical wooden 
surface, or coiling it along aa iron scroll channel fixed 
on the drum, and paseing from a email diameter, when 
the load is first takeo, to a large one at the conclusion 
of the lift. 

The various modes of counterbalancing have re- 
cently formed the subject of an instructive paper in 
the ' Transactdons of the Institute of Engineers of 
Newcastle,' by Mr. J, Daglish, who has in the past 
year been engaged in erecting what promises to be a 
much improved form of it at Silksworth, in the county 
of Durham. 

A valuable adjunct in the matter of winding appears 
to bo offered in a new apparatus lately brought before 
the same Institute by Mr, Fowler, and erected at 
Cinder^ Hill, near Nottingham, in which hydraulic 
power is employed to raise a system of elevating plat- 
forms, upon which the tubs are propelled by machinery 
to and fi-om the cage, instead of the cage having to be 
lowered and raised as at present, whilst being loaded 
aud imloadcd. 

Some of the larger engines employed for these wind- 
mg purposes have come down to us from forty years 
"~' but thoy are for the most part changed, partly in 
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dimensionB and portly alao in type. The vertical 
cylinder, witli condenaing apparatus, is largely em- 
ployed in the north, with diameters of from 50 inches 
to nearly 70 inches, and acting direct on the drum 
shaft ; hut in other districts a preference has heen 
given of late years to coupled horizontal engines, with 
cylinders of from 24 to 48 inches diameter and stroke 
of 5 or 6 feet. Of large winding engines, with the 
Bte&m used expansively, we shall soon hear more. In 
a suitable ratio the drums, or rope rolls, have attained 
diameters of 18, 20, or 24 feet, even as much as 
SO feet at the maximum lap, and the pulleys over 
which the ropes pass— themselves IG to 20 feet in 
diameter — are poised at 40, 50, or 60 feet high upon 
pit-head frames, which, with the entire heap-eteads, 
are commonly fine examples of solid carpentry ; or in 
nnmerouB caBes of late, notably at Seaton Delaval, 
Femherton near Wigan, Monkwearmouth, Harton, and 
Silksworth, are Btructures of wrought iron, graceful in 
appearance, and giving good prumise uf extended 
durabQity. 

It would be unjust to the ingenuity of inventors 
and the zeal of colliery managers, were I to omit 
some notice of the numerous contrivances which, in 
the last twenty-eight years have been brought forward, 
for the prevention of the forrible accidents which are 
occasionally caused by the fracture of the rope. For 
some years past, it has been recognized that single- 
link chains ore not to be relied upon where men are 
enfEered to ride ; and whilst three-linked chains have 
been largely used in the comparatively shallow pits of 
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ccntnl Kwglamd, it hu been a more common practice 
to «Bplo7 flat ropes of hemp (or aloe fibre on tha 
Oontiiteat). and noM 1840, flat or ronnd ropes of iron 
wire, and more reoentl; of steel. The safety appartituB, 
or parafktte^ is ^plied to tho cage, and consists of 
eumc form of clnkJieR, or gripe, nhicli are brought 
into actioii on tlie parting of the rope, and which hold 
IJte oage a^nrt the guides. Several of these systeme 
ban be^ actnally applied on a large scale, and I 
have seen inanj pita fitted with thoee of Fonrdrinier, 
of White and Grant, Fontaine, Calow, Owen, and 
others. Withont question, too, a number of liTea have 
been Baved by their sncoesefnl action on the fatlnre 
of the rope. But on the other baud, certain mishaps 
have been caaeed by their coming into play when not 
needed, whilst in other cases some portion has proved 
to be out of order when it was wanted ; and it iB 
objected, that if too great a reliance is placed npon 
them, loss attention ia apt to be bestowed on tiie 
actnal rope. It is too certain that some of these in- 
ventions, thongh acting well when put up, have never- 
theloBs, after trial of months or years, been again 
removed, and that to this day it ia a moot qaestion 
whether tbe introduction of even the best of them is 
desirable for pits where rapid winding is the rule, 
where stoady experionced enginemen are employed, 
and where the tackling is duly examined &om day 
to day. 

To guard againat another source of frightful acci- 
dent, overwivding, or the pulling up of the load against 
tbe pit-head pulleys, a number of "safei 
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have been produced, intended to teleaee the cage if 
raised too high, and leave it eaepended upon a Naming. 
The several detaching hooks of Mcssre. Bryham, 
Ormerod, and Walker, all made to aepaiate the rope 
from the cage when the main link comes to be jammed 
into a narrow collar, may now be seen in regular work 
at a number of our deepest and most extensive col- 
lieries. 

Vbktilation op Collie sieh. 

It is notorious thftt the presence of explosive gas, 
or firedamp, in so many of our British coal mines, 
has been the cause of special attention being devoted 
to the subject of ventilation, and that the so-caUod 
"fiery" pits have led the way in the introduction of 
large bodies of atmospheric air into the workings by 
carefully planned arrangements, to which, perhaps, 
justice has scarcely been done by the public at large. 

Wherever tfaa evolution of gas is continuouH and 
regular, it is obvious that the ventilating current 
ought to be ample enough to dilute it below the firing 
point, and to sweep it away ; hut where sudden out- 
bursts are apt to take place, they may fill the workings, 
probably only for a short time, with so large a volume 
of inflammable mistnro as to overpower any practi- 
cable amount of ventilating air, and render it indis- 
pensable to use the additional precaution of employing 
none but safety lamps. A sanguine, if not always 
judicious Government, in passing the Act of 1872, 
ignores this latter condition, and binds colliery man- 
agers to do that which is impossible, b^ re<\ulcm^ 
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of Tcntilmtion shall be oon- 
■teBllj' prodaoed in ewj miae, to tlilute and render 
buwlen boxmsb gMM." Unfortunately the annala of 
qomI Bi&ii^ bnag ob wqiMiiited with Uio m&ny cases 
ia wkiek « good amaaaA at Temtilatioii mas ordiusril; 
kflft 19; bst in vhieh the cntttug of a peut-np 
iM W T oii at a "troaUe,' or the release of gas &cm an 
Vffn will en a fkll of roof, <a an up-borst &ciin the 
floor of tke eoal, eometiiuefi to the extent of thoneandB 
flf odiio feet IB a few minntee, hae BDddenly fonled a 
tnct of wwkJBgB and has ignited at some anprotected 
UgliL Ftani the nature of the case, these heavy 
imptions of gas are not &eqnent, but it is now suf- 
ficMBtlj reof^Eniaed that certain tracts, and ptirticulBi 
Beams, are nerer to be tnuted to without a strict 
adherence to oth^ nfe^nardfl beddes a brisk ventik- 
tion. Truly, a serere test cf preparation, and particu- 
larly of the men's discipliiie, may thus in a moment 
flash apon them ; but we have had in the last few years 
several notable recorded instances where the danger 
has beat suitably met, and h&s in a very short time 
passed entirely aw&y, although lack of coolness and 
inattention to rules in the case of a single person would 
have involved all in destruction. 

Although it has been so generally recognized that 
foil active work and security can only be attained by 
the introduction of abundauce of fresh air, there arc 
districts where a prejudice against active ventilation 
has been fostered, probably in a great measure from 
the fear of spontaneous combustion, or " breeding fire," 
caused by the oxidation of the slack or refuse. And 
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; was helii to bo the best method of getting 
I'id of firedamp, to iguito it purposely at fixed in- 
tervals when the mon were away. Thus we have 



the year 
iho gas in the 
ornitig at four 



d creep- 



evidence that the Nether ton i 

1798 and for years afterwards, had t 

workings fired by a fireline, in the n: 

o'clock, again at noon, and at eoven i 

The part of the fireman n 

and risk — clad in coarse wotted flannel : 

ing along the floor towards the euepectod place, and 

elevating his light at the end of a long pole into the 

uncertain dangers of the high workings of the thick 

coaL It is curious to observe the recurrence of old 

idoaa in the suggestion laid before the Eoyal Society, 

within these last twelve months, of this dangerous and 

obsolete plan as a new way of putting an end to 

colliery accidents ! 

It was in the north of England that systematic con- 
trivances for producing an air-curroat wore first em- 
ployed on a large scale. The large areas worked from 
a single centre of operations, the gaseous quality of the 
coal, and the even surface of the country in which the 
pits were sunk, to say nothing of the hard-headed 
character of the viewers, all contributed to this. 
Esperiments were made in the corly part of the 
century on fans and on air-pumps for colliery 
ventilation, which were accounted conclusive agaiust 
the use of mechanical coatrivancos as compared with 
that of a furnace of due dimensions and suitably 
placed at the bottom of a deep and dry upcast shaft. 
A bold attempt was made, five and tweut^ ^eosa ^ft. 



^ 
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bj Sir GoldBworthj Onmey and & parliamentajy o 
mittce, to eubstitule jeta of higb-preeBure steam 
the fumnc«, and eome picturesque letters in 
' Times ' went far towardi carrying public opinioi 
the some direction ; but the steady comparative trials 
made at various Northumbrian and Durham pits only 
established more firmly the character of the fnmace, 
notwithstanding much that had been doing abroad and 
in some other parts of the kingdom to introduce other 
methods. Thus the great air-pump cylinders o 
Mr, Struve were erected in considerable numbers ii 
South Wales ; and Nasmyth, Biram, and Brimtcm < 
tried their several varieties of fan, of diameters up to 
14 feet and 16 feet. But the more prominent of espe- 
rienood viewers adhered unflinchingly to the furnace, 
which, however much it might be proved wasteful of 
fuel, hod accomplished a more powerful ventilation 
than any other contrivance. And such improved fur- 
naoea as those of Hctton, Monkwearmouth, and the 
Green Pit, Buabon, have given a volumo of air suitable 
to the largest acreage of workings. Whilst Bnddle, is 
IS35, said that his standard air-courses varied from 
2000 to 3800 cubic feet per minute, and that he con- 
eidered the Wallsend workings in a perfectly safe state 
with 6000 cubic feet of air per minute ; certain other 
collieries, as Pensher, were said to give off at the np- 
cast from 30,000 to 60,000. In the last few years 
sneh improvementa have been made, by increasing the 
number of splils, or separate currents, reducing the 
length of the runs, enlarging the air- ways, 
employing the best constmction for the fumaoe, that 
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OUT larger works will now give an aggregate of from 
130,000 to 250.000 cubic feet passed through the 
shafts in a minute. Another somewhat unespected 
change of views baa taken place, and since the London 
Exhibition of 1862, when M. Guihal, of Mons, sent in 
a drawing of his ventilating fan, the application of the 
centrifugal ventilators, especially in shafts of moderate 
depth, has made great way ; and whilst thoee of Wad- 
dell and Guihal have in very numerous cases been 
erected of 30 feet diameter, the " Guibals " have at 
several important collieries attained gigantic dimen- 
eions— 36 to 45 feet diameter — with a breadth of 
12 feet to 14 feet, and a performance so economical 
as to make up within a brief period for the soniowhiit 
heavy expenses of cost asd erection of cssing-house 
and ontlet stack. 

It IB carious in a retrospective glance to observe 
how this change accords with the strongly espiessed 
views of a genius in another profession, the late John 
Martin the artist, who, ia 1835, came forward as a 
volunteer witness, and warmly advocated the use of 
exhaosting fans worked by st«am power. 

One great objection to which the underground furnace 
is liable, is the danger of the " returns " being fouled 
to the firing point, and in this state comiug in contact 
with the burning coals. It used half a century ago to 
be no unfrequent sight to see the flumes of the burning 
gas playing over the surface, and great watchfulness 
bad to be eaerted to put ont the fire with tho aid 
of water, in the case of the returns being seriously 
loaded with firedamp. The presence of mind needed 
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under each circumsbuices is well illostrated "bj the 
actioD of Hall, the mnierviewer at Jarrow, who, when 
the furnace at the West Pit fired the return, and the 
meo about the place gave thomBelreB ap for loBt, 
iuBtantly Btartod forward and threw open the main 
doore in the rear of the bumiug current. Thus ho 
at once nut only cut ehort the whole of the ventilatioii, 
but isolated aud droTO thebnmingpart of the"retanis" 
away up the ehaft. 

The employment of a dumb drift, or separate channel, 
for the more risky retume, mouthing into the shaft at 
a higher point than the furnace, baa to a great extent 
done away with this source of danger. 

Mere figures might of course be deceptive ; and the 
large Tolomes of air of which 1 have spoken would bo 
of no value to the mine, unless they served as a mea- 
sure of what actually passes through tbo inner recessee, 
I ftttd not only nbat descends and ascends through the 
I down- and np-cast pits. There is in this point of 
[ Tiew a great diversity, produced in part by the dif- 
I Ibrent plans of laying out the work to which I have 
I before adverted, and in part also by the care and cost 
I l)estowed on the arrangement of the air-ways, and the 
) Boudry apparatus of stoppings, doors, sheets, brattices, 
I and crossings, by which the ventilation is carried on. 
ineoessary to refer to the details of small and 
onimportant works which servo no one as a model, 
but when we look back for a few years and find that 
in the larger collieries — as soon as it was recognized 
that the ventilating current ought to be coursed 
I through the whole of the workings — that current 



WORKINQ OF COLLIERIES. 131 

came to be 20 or 30 miles in lengtb, occupying 
many hours on its journey between tlie entrance and 
the exit, it appeared theoretically and in practice that 
a great benefit would be to shorten it. This reduction 
then of the length of the air-courses ie combined with 
their multiplication, and with the treatment of each 
m ai n split as airing a different district ; and although 
crOBsinga (by which ouo current of air is conveyed 
over another) are multiplied, tho number of doors — 
very vulnerable pointa oa they are in the security of 
the fabric — is greatly lessoned. Thus the total quan- 
tity of the ftir has been materially increased, and its 
freshness as brought to the working faces much im- 
proved, whilst tho return air is now secladed from the 
ordinary traffic of tho mine. The advancement in the 
fixing of the principles and in the practical conduct of 
the ventilation has fully kept paco with the increase 
of the output, and I beliova that wo may look with 
mnch satisfaction on tho statistics of the Government 
inspectors, which show that the total number of acci- 
dents per annum has not increased, although the entire 
production of the country is in round numbers half iis 
much again as it was, when the system of inspection 
was folly established. 



QUARRIES AND BUILDING STONES. 

By PROFEftoR HrLL. F.R.S. (Director of the Geological Snrvef 
of Ireland). 

In oommeucing the account of the building stonea 
qnarritid iu Great Britain and Ireland, it will be in ao- 
oordanct! with precedent, and the preetige attBcbing to 
the rock itself, to commenco with granite, if not the 
oldest, cortainljr the nobleBt of all rockB, From this 
granite baBia I ehall proceed with a superBtructure of 
the other crystnlline rocka used in building, crowning 
the edifice with thoae layers of sedimentary strata, the 
limestones and sandatonea of the different formations, 
tram the oldest to the most recent. And iu trestii^ 
this subject I shall consider it generallj under three 
beads, though not necesaarily alnajs in exactly the 

1. Mineral characters of the building stones in their 
natural state. 

2. Geological position and enameration of the prin- 
cipal quarries, where they are worked. 

3. Examples and illustrations of their use. 
Granite is a crystalline granular comxKiund of silica, 

felspar, and mica, in which the silica (or (juaitz) geue- 
rally occurs in an amorphous state, as a cement bind' 
ing together the crystals of felspar and mica. With this 
constitution, it is clear that the silica has been the last 
of the minerala to solidify, though the most difBcult to 
fuse ; henoe it is iuferi'ed that some other agent was 
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present, sucli as water at high preeaure and tem- 
perature, owing to which the silica was retained in a 
state of plasticity, nntil the felspar and inica had 
opportnnity to enter into a crystalline state. 

Some granites are ternary cempuouds, but more 
generally they are quaternary and even quinary, con- 
sisting of silica, two varieties of felspar, or two 
varieties of mica. When two felspars arc present, as 
in some of the granites of Galway, Donegal, and Aber- 
deenshire, they consist of orthoelaso and oligoclase ; 
or, as in the case of that of the Mdume moimtains in 
Downshire, of orthoclase and albito. When two micas 
occur, they are generally black and grey varieties, as in 
the granite of Wicklow. 

All granites have been formed at a high tempera- 
ture and pressure, and are either of intrasive (or 
irruptive) or metamorphic origin. When intrusive they 
are generally amorphous, though often traversed by 
parallel planes of jointago resembling those of bed- 
ding, and when metamorphic, are usually foliated; that 
is, the flakes of mica are arranged in parallel layers, 
resembling leaves ; hence the term. 

Granites are generally highly ailicated, the pro- 
portion varying from 65 to 80 per cent. They vary 
much in hardness, being often exceedingly tough, but 
in some places, owing to the decomposition of the fel- 
spar or the mica, being sufficiently soft to admit of 
being dug out with a spade. Great care is therefore 
always necessary in the selection of granite for build- 
ing purposes, and closo observation of the behaviour 
of the natural esposod surface of tJie ToaVui ^\fe^fc\is.«' 



134 BRITISH MANUFACTUEISa ISDUBTBIBS. 

of the atmoaptere. Its specific gravity is abont 2-6 
B cubic foot weighs about 166 lb., and a cubic yard, ai 
nearly as possible, 2 toBS. It contains from 0-5 to 1-3 
per cent, of water ; in otber words, a cubic yard of 
2 tons contains, in its ordinary state, about 3-5 
gallons of water, and is capable of absorbing nearly a 
gallon more on being immeraod in pure water for a 
eliorC time. Its power to resist crusliing forces ti 
mucb. Mr. Mallet, C.E,, having found cubes of one 
inch of granite, from Tariona parts of Ireland, to with- 
stand weights varying from 2310 up to 13,400 lb. 

Granite generally occurs in a massive state, and 
traversed by joints which facilitate the extraotioa of 
the etone in large blocks ; hence it is frequently ei 
ployed in structures of a raassive character, which «. 
intended to resist shocks or pressure, or for foundation 
stones for ordinary buildings. Owing to the size 
solidity of the blocks which the graaitos of some dis- 
tricts afford, they are well suited for voussoira of arches, 
piera of bridges, pillara, monoliths, docks, and light- 
housea. The observations made on the conduct of 
granite buildinga at Boston and Chicago, U.S., appear 
to show that it is apt to fly and splinter under fire. 

The granites of the British Isles aro of various geo- 
logical ages, from the Silurian down to the Permian, 
or possibly Jurassic, while amongst the Alpa and 
Pyrenees foliated granites of still more recent age are 

IRmtraliong of use of various Granites.— Ihe granite 
districts of England aro found in Devon and Cornwall, 
the Channel Islands, Landy Island, Mount Sorel in 
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Leioesterehire, Sbap in Cumberland, in t}ie Isles of 
Angleiea uid of MiU). 

The groaite of Devon and Cornwall is of BBveral 
varieties. At Dartmoor it has a prevailing greyish 
hae, and is sometimes por])l)yritic. It is qoarried at 
Blakenstone and at Uiugston Down, and is shipped 
in large qnautities from LcM>e. Qnarries have also 
opened at Tremator, near Tayistock. The granites 
|o( Cornwall are frequently schorlaceous and por- 
ihyritic, as at Land's End. The principal quarries 
being at Cheesenring, near Liskeard ; Lamoma, west 
of Penzance ; Penryn, near Falmouth ; and Mill Hill, 
MaldroD. 

The granite of Devon and Cornwall has been largely 
Veed in London and other cities. The London Docks, 
Westminster, Waterloo, and London bridges, the 
Thames Embankment, ore amongst some of the stmo- 
tures in which it has been employed. It has also been 
need in the Portland Breakwater, the Keybam Docks, 
the Birkenhead Docks, and the Wellington Monument, 
Strathficldsaye. 

The syenitic granite of Mount Sorel is a hard and 
durable stone, of a rich pink colour, and is esteemed in 
London for ornamental purposes. It is also largely 
used as a paving stone. 

The porphyritic granite of Wasdale Crag, near 8hap, 

in Cumberland, is a, very handsome atone, and is now 

largely quarried, cut and polished for pillars, pilasters, 

corner stones, and monuments, at works situated near 

' the locality itself. The texture is somewhat variable; 

I but in genei-al it conaiats of a reddish crystalline 

tauisr base of quoits, felapax, and. Ua;^ miiNi, ia 
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which largfl flesh-coloured orthoclase crjatala are im- 
bedded. It has B, strong resemblance to the celebrated 
red granite of Egypt. 

The principal granite quarries of Scotland are thoae 
of Aberdeen, Petorhoad, the Isle of Mull, Craignair 
and Oreetown in Kirkcudbrightshire. The granite of 
Aberdeen ia of a greyish tint, and is quarried for 
structural and ornamental purposes, as it takes a fine 
poKsh ; but that of Peterhead is of a rich red or pink 
colour, aad is highly prized for ornamental purposes, 
Buch OB colomns, tesselated pavements, pilasters, cor- 
nices, &c. It takes a high polish, and can be ostracted 
in large blocks, so that there are few ornamental 
stones of more general use in Britain, and even in some 
parts of America, to which country largo quantities are 
anaually exported. Some good examples of its use 
are seen in the pillars of Carlton. Club House, the 
Fishmongers' Hall, London, and the columns of the 
interior of St. George's Hall, LiTerpooL 

The granite of Mull is of a tine reddish or pink 
colour, and ia now cut and polished on the spot at the 
works of the Scottish Granite Company. From this 
island it was proposed to extract a monolith, similar 
to those of ancient E^gypt, to bo erected to the memory 
of the late Prince Consort, but the project waa aban- 
doned. The granite of Kirkcudbrightshire is generally 
of a greyish colour and porphyritic. It has been 
lai^ly used for public works at Liverpool, Man- 
chester, and other tovms of the north of England. 

Grnuite also occurs in the Island of Arran, at 8tron- 
tian and in several parts of the Grampian mountains. 

The granite districta of Irelani aia wtoaSR^ 'lai^ 
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^icklon, Galway, Donegal, and Down. That of 
Wicklow and Down k of a greyiel] tint, and hae been 
oxtensivciy qnarried both at Kingstown, Newry, and 
CaGtlewellaii. DoDcgel producer a beantiful red granite, 
eqaal in beauty to that of Peterhead, and capable of 
receiving a high polish. 

Granite has been used from the moat ancient periods. 
From the quarries of I^gypt were hewn thoae noble 
monolithic pillars, or obelisks, which have beon carried 
&om their ancient sites to adorn the cities of Europe. 
Oolumna of this rock are also found amongst the ruins 
of Eoman Tyre; and two of these, one of grey and 
the other of red varieties, odom the Piazza of Venice. 

Qraeaatones, Ac, — The large group of igaeouB rocks, 
allied to granlto by origin, and known as basalts, 
whinstones, and grocnstones, are ill adapted for building 
purposes, owing to their extreme hardness, and sombre- 
nesa of colour. Basalt, with its more largely crys- 
talliuo granular variety of dolerile, is a rock formed of 
labradorite, felspar, augito, and titano-ferrite ; while 
greenstone or diorito is composed of hornblende and 
felspar. Their principal uses are for paving and road 
metalling, and for those purposes they are largely 
employed in Manchester, Liverpool, and other la^ 
towns of the north of England and of Scotland. The 
most important quarries are those of Bardon TTill in 
Leicestershii'e, and of Penmaenmawr in North Wales, 
from which latter place enormous qiuintitica of squared 
i " are annually sent by ship and rail to varions 
I towns of England and Ireland for use as paving 
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LlMESTOHES. 

The limestones of firitnm ased as building materinls 
are derived from the Devonian, Carboniferous, Permiftn, 
Oolitic, and Cretaceous formationB, though but sparingly 
from the last. They are all stratified rooka formed in 
water, either &om the shells and stony skeletons of 
marine animals, or hy precipitation of calcareous matter 
in inland seas. I shall consider eacli of these in the 
order above named, that is to say, beginning with the 
oldeet and ending with the newest. 

Devonian LimEtlouea. — These limestones are derived 
from a formation taking its name from Devonehire. 
They occur in massive, bnt more or lesa lenticular, 
beds of reddish, grey, or yellow colours with veins of 
white cole-spar, and are sometimes coralline, yielding 
" madrepore marbles." More often they are crystalline, 
and are largely quarried for marble, as they take an 
excellent polish, presenting norm and pleasing varieties 
of colour. The principal quarries arc at Oreeton, near 
Plymouth, which furnished stone for the Plymouth 
Breakwater. This, however, it was found necessary to 
replace by granite where under the water-line, as the 
limestone became honeycombed by the operation of 
boring molluscs. Other quarries are at Fitit Tor, uoar 
Babbacombe, and Newton Bushell. The stone quarried 
at Ipplepen yields blocks 18 feet square, and is used 
for ornamental purposes in London. In North Devon 
there are limestones and marbles belonging to the 
I formatioa at Bridestow, South Tawton, and 
Drewsteignton, while black maiblea with ^blte vo.u^ 
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of calo-epu are found at Chndloigh, Staverton, and 
Berry Pomeroy. 

The great caloarcouB formation of the Carbomferons 
lime§tone occnpieB large tracts of tte ntirtli of England, 
as well as of Somersetsliire, South Wales, and Mon- 
mouth, and the border countieB of North Wales. Being 
generally of a hard, brittle, shelly or crystalline nature, 
and not of a pleasing colour for street architecture, it 
is more extensively quarried for lime, cement, and iron- 
smelting purposes than for building. Derbyshire 
produoes marbles of dark-grey or bluish colours, and 
ather coralline, crinoidal, or eheUy, according to the 
varieties of the fossil remains enclosed. The black 
marbles are generally derived &om the upper beds, 
onnsieting of carbonaceous limestones interstratified 
with black shales, but the great mass of the formation 
is made up of stony shells and skeletons of marine 
animala, often in a broken and iragmentary state and 
bound together into a solid mass by calcareous cement- 
Along with the beds of limestone are others of 
dolomite and of silicious chert, a flinty material used 
in the manufacture of china ware. There are large 
quarrieB at Otich, Matlock, Buxton, Wirkswortli, and 
the; flanks of the Weaver Hills. There are marble- 
polishing works at Ashford, Bakewell, and Derby. 
Permian Limestone. — This is the well-known mag- 
limestone, or dolomite of the north-east of 
I England, and is very dissimilar to the limestone of 
I the underlying formations above described, being of a 
-ofter and more granular tfliture, easily moulded, and 
f a pleasing yeUowish colour— woU suited for Btreet 
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ftrcbitectnre. Like all limeBtonee, however, and espe- 
dallf those of a less crystalline structure, it is liable 
to rapid decoy under a dripping sky when combined 
witb a smoky or gaueous atmoBphere, and of this the 
new Houses of Parliament iu Westmiuster aflbrd an 
unhappy illustration. 

The stone is moderately soft, is easily moulded with 
the chisel, granular to compact, and sometimes crystal' 
line in structure. The blocks require great care in 
selection at the quarry. 

The magnesian limestone ranges in a northern di- 
rection from Nottingham to Tynemouth, boing, how- 
ever, interrupted for a short distance in the vicinity of 
North Allerton. It has a total thickness varying from 
300 to 600 feet, and is separated into an upper and 
lower division near Mansfield by the interposition of 
marly strata. In this district the rock contains a 
large proportion of silica, as will appear from the 
following analysis by Mr. Bicliard Phillips ; — 

WmTE AN» Eeii SiLicioia Dolomites ot SLujanBLc, 



Silica 

CorljOTiBte of lime . . 
Carbonate of mngaeaia . 

IroD, aJumiuH 

Water &aA loss 



The Mansfield stone is of good quality, and i 
largely employed for building and paving, as well a 
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for making troughs and ciaterns. In the Mansfield 
Woodhouse, and Bolsover etono the proportion of aiUa 
ifl onlyabont 4 per cent, and tha stone approaohM 
more nearly to a pnre dolomite. The specific gravity 
of the Bolflover stone is 2-316; the weight of a cnba 
of 2 inches, 4890 - 8 groins in the ordinary state ; when 
dried, 4S81'4 grains; when saturated with water, 
S042 grains ; from which it will be seen that the stone 
is highly absorbent. On the whole, the magnesian 
limestone is a stone subject to rapid variations in 
mineral composition, the proportions of silica, lime, 
and magnesia freqnently varying and inflnencing the 
durability of the rock as a building stone. 

The stone from Mansfield Woodhouse quarries has 
been nsed in the lower portions of the new Houses of 
Parliament, and in the construction of the Martyra' 
Memorial at Oxford. The stone from Anston quar- 
ries, Yorkshire, is of good quality, and is used in the 
frontage of the Muaeam of Practical Geology, London. 
The choir of Southwell Church, of the twelfth cen- 
tury, of Mansfield stone, is in good preservation ; u 
are also Tiekhill Church, of the fifteenth century; 
Huddlestone Chiircb, of the same date ; and Huddle- 
stone Hall, a century later. Other important quarriea 
in magnesian limestone are situated at Brodsworth, 
Cadeby, and Park Nook, near Doneaster; and Smawse, 
near Tadcaster. The keep of Conisborough Castle, 
the ancient Saxon stronghold, which is the scene <^ 
some of the stirring events in ' Ivanhoe,' is in good 
preservation, and is perhaps the oldest building of 
magnesian limestone in the north of England. On 
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the other hand, the Minster and chnrahes of York, 
Howden, and Doncaster old church, havo suffered 
severely from atmospheric influences. 

The Oolitic, or Jurassic Limestone rooks are largely 
employed for building purposes, and yield a stone sus- 
ceptible of the most delicate sculpturing ; of moderate 
hardness and durability; cither white, or coloured 
with delicate shades of yellow, and consoq^uently ad- 
mirably adapted for street architecture or ecclesiastical 
hnildings. 

The formation to which thoso limestones belong 
ranges from Dorsetshire into Yorkshire, through So- 
mersetahire, Gloucestershire, Oifordshire, Northamp- 
tonshire, and Lincolnshire, and is largely tjuarried 
throughout its course. It is interposed between the 
Lias and the Cretaceous rocks, and consists of four 
divisions of limestone : — 1, the Inferior oolite ; 2, the 
Great, or Bath oolite ; 3, the Coralline oolite ; and i, 
the Portland limestone. Each of these is separated 
by great beds of clay, and the whole formation is 
highly fossiliforouB, 

Commencing with the lowest of these limestone 
diTisiona, is the Inferior Oolite. 

We find this stone chiefly developed in Glouces- 
tershire, where it forms the plateau of the Cotteswold 
Hill", overlooking the vale of the Severn. At Leck- 
hampton Hill quarries it attains a thickness of 264 
feet, consisting of several varieties, tho best building 
atone being situated near the centre. This is a fine- 
grained, compact oolitic freestone, white or light 
yellow, slightly shelly, and yielding blocks of con- 
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Bdlk OMe is tta best known and mc«t l&rgelj ei- 
ported of the oditie fneetaaes. Tbfre is rery little 
1, however, between it and tbe ebme of Chd- 
I and PatDswick, either in colonr, textnie, or 
s of fine-grained oolitic Ume- 
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saw, tat aftczwards bardming tai exposure. The 
priadpal q«aines are at the Bos escarpment, soma of 
lAid taT« be«i worked for serenl Ltmdred jetn. 
The weather bed of the qoarrj is generally used i 
plinths, string conises. coruicee; the "com-grit" for 
dressings ; white the " ei.'allet," which is the finest 
giwn, is as«l fur ashlar. From these qn&rriee the 
rtoDe for many of tbe most beautiful structures in Iha 
I Vest of England hu been extracted ; amongst which 
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mfty be mentioned Glaetonbury Abbey Church 
(eleYOnth century), Wells Cuthedral (twelfth to fif- 
teentb centuries), and tbe Abbey Chureb of Bath 
(152C). The analysis of tbo stone from Box gives on 
an average; carbonate of lime, 94- 52; carbonate of 
magnesia, 2 50; iron and alumina, 1-20; water and 
loes, 1'78 ; bitumen, a trace. 

At Oxford the oolitic &eeetone from Tainton and 
Boiford has been largely used in structures belonging 
to the twelfth and three foUo^ring contiii'ioa, and has 
stood remarkably well. Tbo more modern buildings 
have been constructed for the most part of Headington 
Btone, belonging to the Coralline oolite, which is of 
inferior durability. The stone from the Tainton, Box, 
and other quarries is often extracted by tunnelling, 
and ie bo soft when first talcea from its bed that it may 
be cat by the saw, but afterwords hardens en expoauro. 

The shelly oolitic limestones of Northamptonshire 
and Linculnshire, formerly considered to belong to 
the Bath, or Groat oolite, are now classed by some 
geologists with the Inferior oolite. The principal 
qnairies are those of Barnac, Eclten, and Caatcrton, 
in the former county, and of Haydor and Ancaster in 
tba lattur. These oolites have been used in the build- 
ing of the beautiful eoclesiastical structures of this 
part of England, including Lincoln Minster, and in 
general have stood well. Amongst private resideneoB 
built of oolite in the same district, may be mentioned 
WoUaton Hall and Bolvoir Castle. 

Byland Abbey, of the twelfth century, offers a good 
illiutration of the oae of the Yorkshire oolitoa. Built 
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putljr of eilicions grit, aod partly of oolite (cbiefly in 
tho exterior), from the Wa«s qn&trios in the vici&itj, 
the west front, which is of oolite, and is ornamented 
with the dog-tooth and other decorations, is in perfect 
condition. 

Portland Stone appears only to have come into 
general oso as a boilJing material within the laat two 
hundred years. It seems first to have been broi^ht 
promineDtly into notice by Inigo Jones, nho cased 
the outside of old St. Paul's with this material, uid 
■iddedagrand Corinthian portico to the west front. It 
«u still more largely employed, however, during' tho 
nign of Queen Anne; and with it have been i 
Btmoted London's great Cathedral (1700), most of iho 
London churches of that age, the old Westminster and 
Blackfriare bridges, the Custom House, and Gold- 
amiths' Hall ; whilst most of the fine buildings of ths 
city of Dublin, snch as the Bunk of Ireland, Trini^ 
College, tho Fonr Courts, and Custom House, are to a 
large extent constructed of stone brought from tha 
Purtland i^uarries, and in which the large sheUa olia- 
raoteristio of this rock can be easily identified. 

Purtliuid stone is nearly pure limestone, but oos- 
tains a little silica and magnesia. It is also denser 
than the oolitic limestones, weighing from 135 lb. to 
147 lb. per cubic foot ; this imparts to it a hardness, 
and durability superior to that of the oolitic lime- 
stouos in the preseuco of a smoky atmosphere. Owin^ 
however, to occasional flaws, and the presence of laigs 
shells, it is not so well fitted for the delicate carringi 
of the iutoriore of churches or mansions. The ptiB-< 
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cipal quarries are those of the Isle of Portland in Dor- 
setBhire, which preBent a vertical face of from 43 feet 
to 52 feet — not, however, all consisting of workable 
etone. The principal layer is called theWiite Bed, 
which varies from 5 feet to 8 feet in thickness. The 
bottom l>ed is somewhat thicker. Kentish rag has now 
largely replaced Portland stone as a building materia] 
in London. 

To the oolitic limestone aeries belongs the celebrated 
Caen Btone, obtained from qnarriea in Normandy. It 
is a beantiful nearly white stone — sufficiently soft to be 
easily worked by the chisel ; bnt eBpecially in the 
interior of buildings sufficiently durable, and well 
fitted by its nniforni and fine-grained texture to re- 
ceive the most delicate sculpturing. It has been used 
in England from the time of the Noriaan Conqnest 
and downwards, and in Ireland from a posHihly still 
more ancient period. . 

Kentidi Baj.— This building stone, recently intro- 
dooed into the London district, is obtsiined from tlie 
Lower Grcensaud formation near Hytho and Folke- 
stone. It is a kind of calcareous sandstone, of light 
yellow or browa colours, and often shelly. Tie 
principal quarries are at Oodstone, Maidstone, and 
BoDghton. 

The Lower Greensand is tho newest formation, pro- 
dacing calcareous sandstones of much value in archi- 
tecture. 

The White Chalk of tho south and east of England 
is seldom sufficiently hard and solid to be used for 
building purposes, eicopt within the Ytt\.eriOT cS. \i'cS&.- 
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ingB. In this position it has been need with success in 
some old ecclesiastical structures, such as St. Alban'a 
Abbey Chareh, and some of the older portions of 
Windsor Castle. 

Amongst the limestones of tbe Tertiary series of the 
south of England, the most important is tbiit derived 
from the Bombridge series in the Isle of Wight. This 
band rises conspicuously along the shore of Whitecliif 
Bay, with an average thickness of aLuut 5 feet. It isof 
a yellowish coloar, rather soft, and charged with fresh- 
water shells, and has been used to a considerable extent 
in structures of the Island and of the south of England. 

The Table on the preceding page gives results of oi- 
periments on some of the better-known building lime- 
stones, as determined by the OommissioaerB appointed 
to select the stone for tbe new Hooses of Parliament. 

Sandstones. 
The British sandstones used in building are derived 
from the saurian, Devonian or Old Bed Sandstone, 
CarboniferoQs, and Triassic or New Red Sandstone, for- 
mations. Those, however, of the Silurian series, lying 
either too remote from the busy centres of industry, or 
not being of an agreeable colour, arc seldom used 
beyond tbo immediate localities whore they occur, 
either in Wales, Salop, Cumberland, or the Uplands of 
Scotland. They may therefore be dismissed with the 
single remark, that owing to their extreme hardness 
they are not well suited for the more ornate kinds of 
building ; they furnish, however, good materials where 
strength is the main object. 
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Devonian, and Old Red Sandstone. — The sandstones 
of this gniup nre dixtributsd tliroughout Devonshire, 
Horoforikhirc, and MoniDOutiiBliire in England, and 
Torious parte of tlie Buuth aod uoi'th-eiiBt of Scotland. 
Thej arc of vitrious degrees of coftrseneea, from the 
finest grain up to couglumernteB of largo rounded 
boulders, such as ore found in Cftntyre and along the 
southern slopes of the Grampians. The colours vary 
through rod, purple, and yellow, to light green or grey; 
but Bonictunes the stone is almost whito. 

In Devonshire, building sandEtonos occur at the 
Hangman Hills, tho Foreland, North Hill, and Kewn- 
ham Pork. From the quarries north of the Severn, in 
the vicinity, portions of Chepstow Castle, of tiie 
eleventh and twelfth centuriea, havo boon built and wre 
much decomposed, Tintorn Abbey (thirteenth cen- 
tury), built of red and grey sandstones of this forma- 
tion — sometimes laminated — has in some piaces well 
resisted the attacks of time ; and it is to ho feared that 
the hand of man has been the moat powerful agent in 
the dilapidation of this graceful structure. 

The Old Bed Sandstone of Scotland produces the well- 
known sandstones and flags of Arbroath and Dundee — 
which are largely used in Edinburgh, Glasgow, London, 
and other large towns. The flagstones of Caithnesai 
Oromarty, and Nairn are also used for paving and 
building. The flagstones of Arbroath are of a light' 
greenish-grey colour, of dense stnicture, and leaa 
weather successfully, 

Oorbonifcrous Sandstones. — These are very Iw^ely 
used for building and paving purposes in the Qarth of 
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Bnglantl aad Scotland, and are generally hard and 
duTftble, of yellowish or greyish tints, and variona 
degrees of coaraeness. They are derived from the 
millstone grit and coal measures in England, and in 
Scotland from the calciferous sandstone scries as well, 
which lies near the base of the Carboniforons system 
ot rocka 

The millstone grit prodnoes either massive ooarse- 
grained blucks, euited for foundation stones, engine 
beds, voussoirs of bridges, i!fec. ; or finer laminated grits, 
which may be used for ashlar, flagetone, or paving. Of 
this atone many of the public buildings in Manchester, 
Blackburn, Leeds, Bradford, and other large towns of 
the north of England are built ; and sr it resists the 
action of the acid contained in the smoky atmosphere 
of those towns, it is well suited for the purpose. Some 
of the quarries in the counties of Lancaster, Stafibrd, 
Cheshire, Derby, and York are of large size, and of 
these may be specially mentioned the following i Pat- 
faold, Harrock Hill, Lengridge FeU, HasHngden, and 
Boesendale, in Lancashire ; Baddoley Edge and Wet- 
ley, in Staffordshire ; Congleton, in Cheshire ; Bakewell 
Edge, Stanclifle, and DiifBeld Bank, in Derbyshire; 
Aislaby, Meanwood, and Stanningley, in Yorkshire ; 
and Stanton, in Durham, Tiney Hill, in Gloucester- 
shire, also produces n similar Etoue. 

From tha lower part of the coal fermation excellent 
flagstones are obtained in Cheshire, near Macclesfield ; 
Lancashire, neiu,- Wigan, Barnley, and St. Helen's ; and 
Ell^nd, in Yorkshire. These are not only used in the 
neighbouring towns, but sent to all porta of England. 
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The sandstoaes of the ooal measures ore seldom durable, 
and gooerallj become iron-stained ort exposure, oning 
to their containing considerable qunntities of iron imd 
alumina. The quarries of Heddon and Kenton, neai 
NewcoBtle, are of this kind, as will be seen &0111 tlu 
aualysGB below. 

Analijseg of Sandelonee. — The following analjeas, 
with the results of experiments on specimena of sand- 
Btonoe, are taken Srara the GommiBsioaers' Befcrt, 
1839 ; — 

Analyses, &c., of Sabdbton^ 
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P^mian Formation.— The Bandstonea of this forma- 
tion are rarely nsed for building purposes, oscept ia 
Onmberland, where they ore of a firmer ooneisteQcy 
tiuta in other parts of the coimtry. The rich valley of 
tile Bden. is for the most part formed of tiiiB BnndKtone, 
and it has been used in structures both of ancient and 
modem date in the town of Penrith, and of Forness 
and Calder abbeys. The colour is deep red, and pre- 
e^its a rich and pleasing contrast to the foliage around. 

Hfew Red Sandelone. — Tho stone of this formation 
has been largely used for building purposas in Liver- 
pool, Chester, Shrewsbury, Stafford, and many of the 
towns and villages of the central counties. The Bunter 
BBndstone, which forms the lower division, is only 
occasionally suited for ony but very rough aud ordi- 
nary buildings, as it is either too soft or too pebbly. 
In the neigh liourhood of Liverpool and Birkenhead, 
however, it assumes a more compact character, and has 
been nsed with good e£fect even in the more ornate 
buildings. The colour is light brownish-red, and tho 
Btone ia quarried extensively along the high ridge of 
Everton, Kirkdale, West Derby, and Roby, 

A better building material, however, is obtained 
from the lower portion of the Keuper division, and 
this baa been extensively used in the older ecclesiaa- 
tioal structures of the central aud western counties. 
The formation ranges from the banks of the Mersey, 
near Euneorn, through the Delamere and Peckforton 
hills to Grinahill, near Shrewsbury, and is eitonaively 
distributed tlirougb parts of Staffordshire, Worcoster- 
ahite, and Warwickshire. The etone ia generally 
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Oompfict, uniform in texture, easily worked, and of 
light rod, brown, or greyish culoora to white. It cu) 
often be quarried in large blocks, and stands the 
weather well. With this atone the recent restoratiosi 
of Worcester and Chester cathedrals Lave been effected, 
and its capiibility of receiving delicate mouldings and 

. Bculptnrings, as well as of affording a material agroa- 
able to the eye, is exhibited in the case of these 
bnildings. The stone ia quarried (amongst other 
places too numerous to mention) at Bidston Hill, 
Heleby, Mauley, Storeton Hill, and Wallasey, in 
Cheshire ; Bclton, Griushill, and Weston, in Salop ; 
Colwich, CoUon Mill, Crumpwood near Alton, Fnl- 
ford, Hollington, Tixall, and Weston, in Staffordshire ; 
and Omberaley and Hadley, in WorceBtorshire, from 
which quarry the stone now employed in the restora- 
tion of Worcester Cathedral is obtained. This stone 
has been strangely overlooked by the Commissioners 
in their Report ; but it Booms to me that some 
quarries in this formation ware capable of yielding 
material well suited for the Houaes of Parliament at 
Westminster. 

Jurassic, or Oolitic Stindslone of Yorkshire. — In that 
part of Yorkshire stretching inland from the coast of 
Whitby and Scarborough, the Juraesic formation eon- 
i numerous bods of yellowish and brownish sand- 

L aionee, which are sometimes used for building purpoaes. 

I The principal quarry is one near Aislaby, where the 

P'Vorkable stone is 46 feet in thickness. It; hoE Been 
tised in Whitby Abbey, New University Library at 
Cambridge, and Soaiburough and Bridlington piers. 
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ia only locally in demand ; it ia of a brownish colour, 
tatLer soft, and occurs in beila, varying from 1 to 
nearly 4 foet in thickueas. It belongs to tlie groat 
group of strata known as " the Wealden," and is 
quarried at Calverley, neat Timbridge Wells. [ 

Statibtioal Eetukns of Quabriks, 
In 1860 was published an elaborate return of the 
quantities of clays, bricks, building and ornamental 
stones, &c., raised and manufactured in the year 1858, 
prepared by Mr. H. Hunt, F.E.S., and published in 
the " Mineral Statiatica " of the United Kingdom. 
Since then no farther returns have been obtained ; bnt 
those for tho year 1858 are jjrobably only a little 
under the amount of similar materials now being used, 
and are as follows :— 

OeSEBAL guMStABY OF THE PliODItCKlOH Of BttLDIMa AHD 

OTHEB Stones in the TJBiTta> KmoDOB o» Gbkat 
Britain asd Irklahd. 


England .. .. 
Wales .. .. 
Scotland .. .. 


EsUmnlnlTtiMl ' Corapnlei 


V.lu=.fCom 


3,935,939 7,500,000 

l,229,8li3 1 3,500,000 

855,883 1 4,750,000 

11,200 


1,705,508 

898.128 

1,211,393 

7,900 


15,764.200 


3,822,924 


The nnmber of quarries from which returns were 1 
reoeived : in England, 1504; in Wales, 158 ; in Scot- | 
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land, 678 ; in Jersey, 8. From Ireland 667, bnt retamB 
of the qaantitj of stone conld not be obtained of a 
satisfactory nature ; and the number of quarries for 
the United Kingdom given above falls far short of the 
reality. 

Books of Reference, — Hall's * BaUding and Ornamental Stones 
of Great Britain and Foreign Countries ' (London), 1872. 
Sir J. Burgoyne'8 * Budimentary Treatise on Blasting and 
Quarrying.' wVale's Series (London), 1849. (Chateau's * Tech- 
nologie du Batiment' (Paris). Wilkinson's *Greology and 
Ancient Arcbitecturo of Ireland' (London), 1845. Gwilfs 
* Encyclopedia of Architecture,' edit. 1873 (London). B. von 
Cotta, * Hocks Classified,' &c., Eng. Vers. Maccullooh's * Classi- 
fication of Bocks ' (London), 1821. '* Observations on Stone used 
for Building," by C. H. Smith, * Trans. Boy. Inst Brit. Archi- 
tects,' 1842. ' Report with Beference to the Selection of Stone 
for the New Houses of Parliament,' addressed to the Commis- 
sioners of H.M. Woods, Forests, &c. (1839). 



EXPLOSIVE COMPOUNDS. 

Br W. Mattikit Williams, F.R.A.S., F.C.S. 

Ahorg the earliest and moet ingciiions mcchanicBl 
inventiona of primitive liumnu beings, aro those do- 
TOted to the purpose of throwing disagreeable things 
at each other. Many laconic definitions of humanity 
hsve been offered, and I may yet propose another, viz, 
that man is an animal tJftit throws stones. The pro- 
jeatile propensity is displayed by men of all nations 
and at all periods of lifo. No amount of remonstrance 
or flogging prevents an onergetio boy from throwing 
stones at something or somebody, and the majority oi 
boys' games aro based on throwing, batting, kicking, 
shooting, or otherwise projecting balls, marbles, &c. 
&c. The more energetic the race, tho more tliey sei 
addicted to projectiles of some sort, and aiming 
Bomething. The typical American when deprived 
opportunity for using his six-shooter, and is otherwise 
reposing, asserts his humanity by spitting at any sur- 
rounding objects that may be conveniently used as 
targets ; and although bows and arrows have long 
since become useless, archery still continues a popular 
recreation. Portable tubular shooting galleries, " aunt 
Sallys," " three throws a penny," &c, &o., ore pro- 
minent elements of omusemout at all fairs, wakes, 
race-courses, and other huliday assemblages. 
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The inTention of tlie returning boomerang was pio~ 
faablf sceidentaL A stick'throiring sava^ would 
■ooo discover that a flattened stick skiniB the air ud 
fiiiCB briber than a round one, and wonid shape his 
minrilwi accordingly. One of theee, an elbow-fihaped 
Iwanch of a tree, having accidentally the reqtiisite 
enrvatnre, would return, and consequently become ■ 
Tahied treasure at first, and afterwards an object of 
imitation. Nobody can suppose that the boomerang 
was discovered by any process of thooght or instino- 
tive preconception of its properties. It would be 
interesting to observe whether in those districte to 
which the boomerang appears indigenous, there is any 
tree that grows naturally with branches having the , 
required corvatore. 

The iiling was donbtlcss a result of mechanical rea- 
soning, or rather of intuitive mccfannical perception cf t 
the laws of motion. The invention and constroction 
of tbo bow, even of such bows as are used by the 
rudest savages, demand a considerable effort of mectuk- 
nioal ingenaity. 

Here the elasticity of a solid is used as a means 

of storing, aceumnlating, and concentrating mnscnlBr 

L power in such a manner, that the whole force of a. 

|:KmewhBt protracted muscular i!ffi>rt is converted into-: 

in instantaneous projectile impulse, with scarcely any . 

OSS from friction or other mechanical disadvantage. 

Although we have superseded all the forms of long 

Whow, cross bow, catapult, 4c., we still urge all onr 

1 I auj m^( ijoproved projectiles by the sams 
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force aa that Thich sped the bolts and arrows of our 
aavage ancestors. Our bombs, and sbot, and bullets, 
are projected by elastic energy, but instead of using 
the ela£tic reaction of a strained solid, we now avail 
DarBelves of tbe expansive elasticity of gages. In tbe 
air-gun, gaseous elftsticity is used in strict analogy 
with the elasticity of the bow. The air is condensed 
by the muscular effort of pumping it into the stock or 
other receptacle, and the muscular energy is thus 
aooumolated and stored in this condensed air as in the 
bent bow. The trigger releases a portion of this com-. 
preasod air, which by its expansive reaction projects 
the ball just as the reaction of tlie suddenly relaxed 
bovr propels the arrow. 

The gi'cat amount of friction to be overcome in 
pnmping, and tho loss of power due to windage, ren- 
ders the air-gun a wasteful machine for the concentra- 
tion and tiansmisBion of muscular powor. It is there- 
fore inferior to either the long or cross bow, and has 
not been used in practical warfaro, although its inven- 
tion is attributed to Ctcsbiua, who lived in Aleiandria 
120 B.O. 

Instead of using muscular power to bend the elastic 
solid or condense the elastic gas, wo now exert the 
power of knowledge, and summon, by the incantations 
of science, the subtle i)Owers of chemical affinity to 
work in our service, by holding imprisoned gases in 
solid or liquid bondage, until we permit them to burst 
&eely forth and do our bidding by the explosiva 
violence of their sudden expansion. 
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This eiploeioii, or the eudden conversion of a solid 

liquid into goB, is effected cither by tlie applicatioD 
'pt hcut, of electricity, or simple i>ereusaion. The 

Lplest iiiEtances are presented bj aome of the com- 
ponndit of nitrogen, Bach as the chloride of nitri^eii, 
the iodide of nitrogen, the fulminates, &c. Chloride 
of nitrogen, for example, is composed of two oldDenta, 
both of wLidi under ordinary circnmstanceB are 
gaeoous, and which ore held together in liquid foim 
by snch very weak affinities, that the slightest vibitt- 
tion is sufficient to ecvuc them. Thus the touch of a 
feather may explode this most dtingeroiis compound, 
the explosion being simply the resolution of the oUy 
liquid into its component gases, nitrogen and chlorine. 

In the case of the fulminates, the action is similar, 
but rather more complex ; the vibratory shock resolves 
A highly complex Bolid compound into gaseous com* 
pounds of lees complexity. 

The explosion of gunpowder, guncotton, nitro-glyco- 
rine, &c., is effected by an essentially different chemical 
action. Hero we have a solid or liquid compound rich 
in oxygen, aesoeiiited with combustible substances 
which form gaseous compounds when united with 
oxygen. The osygen compound is dissociated or 
deoompoeed, and wholly or partially converted into 
gaseous matter, exerting primarily its otm explosive 
force thereby, and by the combination of its free or 
nascent oxygen with the combustible solids, a further 
development of gases, and a secondary oxplusive force 
V added to the first. 
I English Bchool-books teU us that Eoger Bacon, who 
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died in 1278, was the inventor of guuponder, and 
GJerman authorities of the same class attrihiite its in- 
vention to Berthold Schwartz, who lived at Muyence 
between the time of Eoger Bacon's death ami 1320; 
but it is probable that both of these and also Albcrtus 
Magnne obtained their recipes irom the ' Liber Ignium 
ftd Comburendos Hoetes' of Marcus GriecuB, who 
probably obtained bis information from tbo Greeks of 
the lower Empire, whose " Greek &ro " oppears to 
have been a copy of tbo rudely made blaKting and fire- 
work powder that bad boon used during more than a 
tbonsaad years previously in China and India, the 
secret of which was probably carried to the Greeks by 
tbe Arabs who traded with the farther East. To all 
these historical probabilities may be added another, 
viz. that the Oriental powder was merely a deflagrating 
composition, like that at present used for squibs and 
rockets; such as an amateur of the present day wonld 
produce, were he simply to mii oommon charcoal with 
ordinary commercial sulphur and saltpetre in the ]iro- 
portions given in a mere recipe of quantitiea used for 
making gunpowder. It seems likely that the primitive 
Oriental powder was merely used for blasting and fire- 
works, with occasional displays of fire and smuke during 
warfare, for tbe purpose of frightening rather than 
otherwise injuring the enemy. 

The perfecting of the manufacture of gunpowder, 
sufficiently to render it practically applicable to the 
purposes of destructive warfare, is undoubtedly due U 
tbe dawning chemietry of the European alobemista 
and their immediate successors. 
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Gunpowder is ooraposed of nitre, charcoal, and 
flolphur. Its theoretical compoaition is :— 

1 eciuimlout nitrio iK'iJjnjtre ,. ., 7^-8 

1 eqiiivnlent potoah / 

^^^^L 1 aqiiivttleiit eulphnr 13'3 

^^^B 3 uqiuT&leDts carbon 11'9 

^^1 100 

^^^H The propoTtions practically used have been deter- 
^^Hhunetl by the examination of practical reeults irre- 
^^^■i5)ective of theoretical uonsideratioDH, but they ap- 
proximate very closely to the above figures, thus: — 



^^■il^Vench ditto (military) .. .. 
^^F'Sftto ditto (sporting) .. .. 
^^" United Stntes ditto 

PruflBJan ditto 

Chinese ditto 

Frenoli binsting powder .. .. 

EngliBh dillb .. .. 


sure. 


Chomul. SqlpliBC. 


75 

75 

76-9 

75 

75 

75-7 

<;2 

<i5 


15 

12-5 

135 

12-5 

135 

H'4 

18 

15 


10 
12-5 
9-6 
12-B 

u-s 

9-9 
90 



Blasting powder varios considerably in composition. 
It will be soon from the above that it contains a much 
larger proportion of sulphur than gunpowder, nearly 
equal to two equivalente. This increaaeB the intensity 
and rapidity of its explosion, and the smaller proportion 
of nitre lowers its coat. It is usually made np into 
large angular grains from the size of mustard seeds to 
amaU peas, but not very uniform either in size or 
shape, and la loss carefully prepared than good gun- 
powder. The excess of axAyikm renders it unfit &r 
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firearms, owing to the free aulphurouB acid generated 
by its combuetion. This would rapidly corrode the 
barrels. 

Purity of the ingredients is of primary importance 
in the manufacture of gunpowder. Saltpetre aa im- 
ported contains many impurities, such as common salt, 
sulphate of potash, and nitrates of lime and magnesia. 
These render the nitre unfit for gunpowder making, 
chiefly on account of their alffiorption of moiaturo from 
the air. They must tlierefore be removed, and pure 
nitrate of potash obtained. Water at 60° disaolvea 
only one-fourth of its weight of pure nitrate of jmtash, 
but when raised to the boiling point, water dissolves 
nearly two and a half times its own iveight, or about 
ten times as much. Common salt is nearly equally 
soluble in hot and cold water, while sulphate of potash 
is less soluble in boiling water than the nitrato in 
oold. The nitrates of Hme and magnesia are both 
deliquescent, and besides this ore addicted to the 
formation of a coagulable mixture or compound, when 
dissolved in compony with gelatine. 

The purifisition of nitre is effected by taking ad- 
vantage of these properties. The English method is 
to add the crude nitre to a small quantity of water, 
and raise this to the boiling point. The nitrate of 
potash is thus all dissolved, while the greater part of 
the chloride of sodium and sulphate of potash remains 
nsdisEolved, and are thus separable in a solid state 
tram the hot solntion. Then this solution is allowed 
to cool. AboQt nine-tenths of the nitrate of potash 
ibrnt was soluble in the boiling water now becomes 
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insoluble, ftod is therefore precipitated bs solid ctyetaU^ 
while tho dtiliquesceiit nitrates of lime and maguesii 
and the anremOTed chlotido of sodium remain disBolved 
in tho mother liqnor. Bj means of two or three e 
eesaive crystallizations, the nitrate of potash is thus 
obtainud in a state of approximate pniitj. It is Uwit 
freed from water by fusion. 

The Fronpb method, now more generally adopted, ii 
to dissolve crude nitre in the smallest possible qnantity 
of water, heated in a large copper boiler. Snch a 
solution may be raised considerably above 212°, 
thus a quantity of crude uitre equal to five times thfl 
weight of the water may be gradually added oad all' 
its nitrate of potash dissolved. A large proportioR iJ 
the chloride of sodium and sulphate of potash remaiii 
undissolved. The crystals of these ate removed by 
means of perforated ladles, and the solution is then 
diluted, gluo dissolved in hot water being added kA 
well stirred into it; the coagulum which forms as ft. 
scnm on the surface is removed, the liquid i 
by boiling, and then cooled to 195" and trnnsferred tft 
a shallow veesel with a V-shaped bottom, where it il 
kept in agitation while cooling. Small crystals ( 
nitrate of potash are thus formed and scttlo at th 
bottom, while the chloride of sodium, l>rii)g ui^urlja 
soluble in cold as in hot water, remaius in solution. 

The crystals of nitrate are then removed to tanla 
with perforated false bottoms, and a cold saturatedl 
solution of saltpetre is ponred upon them, vrluch OOD^ 
pletely dissolves and washes away the remaininj 
chlorides, sulphates, &o., but leaves the pure nitrate Q 
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potash jmilisaolved. The cryetalB are further washed 
with pure culd water and then dried. The small 
portion of nitrate of potash disaolvod away in these 
wash waters is of couree economized, hy naing it as the 
Bolvent or washing solution in the prcviouB procesBee. 

The snlphur is purified hy redistillation. This 
distilled sulphur is ground to a fine powder or meal. 

The charcoal is prepared from alder, dog-wood, or 
willow, by carefully lieating the wood in iron pota or 
retoits. Aldor is preferred for best gunpowder. Poplar 
and other white woods are used for blasting powder. 

Each of these materials ia carefully ground to fine 
powder and silted, then thoroughly mixed by means of 
B revoiving drum. By Act of Parliament the charge 
for a raising machine is limited to 50 lb. for best 
powder, or 60 lb. for inferior kinds. 

This mixture is nest made into a paste with water 
and transferred to the incorporating milt, where it is 
placed in a circular trough, over and around which two 
lieavy rollers aet on edge are running. The bed and 
rollers were formerly made of marble, on the anppo- 
sition that this is safer than metal, hut it was fonnd 
that nulls with cast-iron beds and cast-iron rollers 
explode no more frec[ucutly than those of marble. The 
cho^e of these mills is limited to SO lb. for each 
trough. Thoy are usually built in sets of four or sis, 
all superintended by one man, whoso chief duty is to 
maintain the moigturo of the mixture during the 
' grinding, which is continued for several hours. As 
the danger of explosion is considerable, these mills are 
isolated by strong walls, and at the Go^ei:nm.«i\\ '>Nb\'&.% 
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at Waltham Abliey a water tank is suspended over 
each mill in sach a manner, that an explosion of auf 
one mill overturns its own tank and all the others at 
the set, and floods all the cbargcB, 

The ground paste thus obtained is now broken into 
thin powder in the hreaking-dou>n house by means of 
rollers. This is a dangerous operation, mainly on 
account of the flue dust which is diffused through the 
air, and settles ou every ledge and projection of th* 
building. By lining the building with glazed material^ 
the friction, and cou^quent danger of brushing awi^ 
this dust is diminished, and the danger is further Iw 
sosed by only permitting the workman in charge to 
enter for renewing and withdrawal uf the charge after 
the machinery has stopped. Ho retires in the meantiM, 
to an adjoining bomb-proof chamber, from wliich be CAi 
set the machinery in motion or stop it when required. 

The powdered cake now passes to the press lumte, 
where it is placed in layers in metallic boxes or oylin- 
dors lined with wood, in which it is subjected to 
a pressure of about 130 tons to tho square foot by 
means of hydraulic machinery. This reduces it to 
about half tho thicknoas of the original powder, »ai 
oonverts it into solid slabs of stony hardness. Thi 
"press cake," thus prepared, is nost subjected to tb* 
process of "corning," or " granulating," by breakiDg 
up and passing it through sieves of varying fine 
As this is a dangerous port of tho manufacture, 12 cwi 
is the maximum quantity allowed to be corned at 
time, and not more than double that quantity ma; tw 
in the coming bonae at one time. The fine dust (lt£r> 
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fused through the air, and which settles upon every 
part of the bouse, is the chief source of danger ; as 
when dry it is easily inflammable, and &om its general 
distribution the firing of any portion would be com- 
municated tiroughout the building. 

The nest process is drying. Fifty awi. is allowed 
in the drying house, as this process is far less dan- 
gerous than the preceding. It is usually effected by 
passing a pnrrent of dry air, heated by steam pipes, 
over the granulated powder, which is epieod out on 
Bhel^es in the drying house. 

It is next taken to the dtisling house, where it is 
freed from dust, and the grains are polished or glazed 
by agitating them together in revolving cylinders with 
wire gauze sides. The dust passes through the meshes 
of the gauze, and the grains rub off each other's angles, 
and thus become rounded and smooth. 

The pressing and glazing make the gunpowder less 
permeable to moisture, and better able to bear carriage 
and friction, besides which, its uniform density and 
equal size of grain render its quantity easily measur- 
able. A fictitious glaze is sometimes imparted by 
means of plumbago. * 

In order to prevent accidents, nothing made of iron 
IB allowed in any portion of the works, excepting 
the incorporating mills ; the floors of all parts, ex- 
cepting this, are covered with leather, fastened down 
by copper nails. No one may enter with ordinary 
boots or shoes, only slippers or "magazine shoes" 
being allowed. The growth of grass around each 
building is encouraged, to diminish the risk ai admisi- 



i 
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eion of grit. Wliere practicable, it is desirikble to 
satTouiid tLo buildingB with a amall moat, crossed by 
wooden pIstfurniB kept wet. The probibition of 
emokiog is, of course, enforced, tbough not withoat 
some difGculty, ua even in gunpowder works, men wbo 
bare acquired a mania for tobucoo are mad enough to 
carry lucifor mntcbes and indulge tbe propensity, if 
not Btrictly eoarcbed and watcbed. So greut is thii 
difficulty that, in his report to the Government, Pr«- 
fessor Miller Baya, " Change of clothes should ie 
enforced by legislation. It is the only method of 
preventing the surreptitions introduction of lociftr 
matches into tbe works, which men in tbe habit it 
smoking cannot be induced to forego," 

Tbo object of the coming or granulation of gun- 
powder is to leave a space between each grain, and 
thuB allow tbe flash from that which is first fired to 
permeate the whole, and envelope each of the other 
grains in an atmosphere of flame. Otherwise 
explosion would take place by succossive oommimi- 
cation from one particle to another, after tbe manner 
of a fuBO. This may easily be sbown by wetting a 
Ifttle gunpowder, breaking up the granules, rodrying, 
and firing it. 

Count Bumford found the specific gravity of British 
Qoyeminent powder to be as follows : — 

As it lies In'a heap miiad with air 0-8SI 

Well ehaken together CDS' 

The Hulid eubttance of the powder l'71i 

• It IB now made tatlior more dBase, 1 ■ 79 lo 1 ■ 8(1, 
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Tliis sfaowB, that the inteTBttces between the grains 
are nearly equal to the spaces which the graine tliom- 
sdvea occupy. He found that brass dust, or any other 
finely-powdered solid, nuKcd with a given quantity of 
gunpowder materially diminished its projectile power. 
On the other hand, subsequent experiments have 
shown that the admixture of a little sawdust rather 
increases the effect of blasting powder. The contra- 
diction, however, is only appai'ent, as all the solids 
that Gumfoi'd used were so finely divided that they 
Bimply filled the interstices between the grains, while 
the sawdust is itself granular, and large enough to 
separate the grains farther from each other. 

The explosion of gunpowder depends upon the fact 
that the elements of nitre are dissociated by heat, 
gaseous osygen being sot free. The nascent oxygen 
combines with the carbon and forms carbonic oside, 
or carbonic acid, also gaseous. When the sulphur is 
in excess, as in blasting powder, there is a farther 
formation of gaseous sulphurous acid, hut in gun- 
powder the sulphur should unite with the potash, and 
form solid sulphide of potassium. When this reaction 
is complete, little or no corrosion occurs, but fineh 
complete combination of the sulphur with the potassium 
is theoretical rather than a practical fact, more or less 
of sulphurous acid being usually formed. 

The nitrogen and earbouic acid gases (excluding 
sulphurous aeid) formed by the esplosion of a given 
bulk of gunpowder of ordinary density, occupy about 
300 times the bulk of the powder at ordinary tempera- 
tures, and the heat of combustion expands these gases 
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fDrtheF.* To this oipaneioD, as already stated, 
'tile explosive iarix is due. 

A cnbio foot of good English cannon powder should 
ligh 58 lb. Two onnoes of such powder will throw 
R 68-lb. filiot trata a moitor set nt on angle of 45° to a 
distance of 260 to 380 feet. By comparing tliia result 
with the weight of material used, we arrive at some 
idea of the tremendous energy which is potentially 
stored in so small a quantity of solid. 

Count Eumford made a great nnmber of ingenioaBly 
devised eiperiraonts, in order to determine the expan- 
sive or projectile force of firod gunpowder. Mr. 
Sobins had previously estimated it at 1000 atmo- 
spherea, or 15,000 lb. on the square inch ; and Ber- 
nonilli at ten times as much. Eumford exploded 
Binall quantities of powder, 10 to 20 grains, in a thick 
iron cylinder with a J-inch bore, entirely closed at 
one end, the open end carefully plugged, and with a 
cannon weighing 8081 lb, resting on the ping. 'Bj 
the lifting of this weight and the bursting of the 
cylinder, ho endeavoured to meoKure the explosiTe 
force. One of his most remarkable eiperiments was 
with a barrel or cylinder 2J inches long, 2J inches 
diameter, with a bore ^ inch diameter, and 2 ' 15 inches 
long, the metal thus lioing IJ inch thick all round 
the bore, or five times its diameter. On chsfging 
Has with tV^^ '^^ ^ cubic inch, or 24 grains of 
powder, and firing it by means of a red-hot boll ap* 

Ji. Miller estimatea thia eipanaion at 15DD timaa tbabnlk 
s powder. This ia far too low to explain its expansive 
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plied to the cIoBed end of the cylinder, it " burst the 
barrel asnndar in which it was conBncd. rotwithsttmd- 
ing ita enormous strength, and with unch a loud report 
OS to alarm the whole ueigbbourliood." He further 
states that " it is impossible to describe the surprise 
of those who were speetatoTB of this phenomenon. 
They literally turned pale with affright and astonish- 
ment, and it was some time before they could recover 



By testing the tenacity of the iron used, Le, the 
force required to tear asunder a piece of given sec- 
tional area, ho calculated the espIosiTO force of 
the powder to amount to 54,750 atmospheres, or 
621,250 lb. ^ 277 tons per square inch. Recent 
experiments made by the " Committee on Esploeivea " 
appointed by the British Government afford very dif- 
ferent results, viz. :— 

B. L.f:. acTTiee powder 21)- 8 msiinnimpreEBureperflq. in. 

KuHBiau prismrtlic .. 20-5 „ ,, 

Seirice pellet .. .. 17'4 „ „ 

Pebble, No. 5 .. .. 15-* „ „ • 

These resaltB were obtained by using the " crusher 
gaage," a cylinder of copper half an inch long and 
rather more than a quarter of an inch in diameter, 

• In Home recent trials of tho el^hty-one-ton gnn at the 
BojbI AreeDal, the craeber gauge indicattd a presanre Tuyiag 
from 27-7 to 28-1 tons, with charges of 220 to 250 lb. of 
powder. In comparing these resulta with Hninford'B, ne moat 
not forget that in the Woolwich experiments the eipnnaiTe 
fbroe of the libemt^d giisee woa aetin<; within an expanding 
obamber, ooe of tta walla being the movable proieoLile. 
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which ie crushed by a piston that cotmnnnicateB to it 
the expansive presBare of Uie eiploeion. The amonnt 
of oompressiun of the copper meiisures the force. 

This enumnjus diflcrepancy — the difference between 
30 tons and 277 tons — iudicotea Berioua error some- 
where, either on the port of Bumfurd or the com- 
mittee, or both. It appears to me that both results 
ore oiTODeouB, and for the following reasooa. 

Enmford tested the tenacity of the iron by the 
breaking weight of a gradually applied and contimioiia 
atrain, but the fracture of his barrel was produced by 
a sudden vibratory sljock. Now the force required to 
break iron or steel is much Bmaller in the latter than 
in the former case. 1 have made several experimeute 
OB this sabject, and find that this difference is greater 
for steel than for iron, and increaseB with the hardness 
of either ; that carbou, while it increases the tenacity 
of iron as tested by a gradually applied strain, dimi- 
niahes its power of rceiating vibratory shocks ; that 
phoaphoruH acta in like manner, but even more de- 
cidedly than carbon. Tliis was proved by tearing 
asunder pieces of the same iron, £x8t hy the gradual 
and measured strain of a hydraulic preBS, and secondly 
by a given weight falling from given heights. The 
tenacity according to the first test increased, according 
to the second diminished, with the increase (within 
certain limits) of carbon or phosphorus. Bumford's 
teat of tenacity coirospooded with the first, while the 
gunpowder fracture resembled the second, and, if ho used 
a hard steely iron, the difference would be very great. 

Hia other very nameroua and well-conducted esperi- 
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ments, in which the initaal eiplosiTe force was mea- 
anred by the lifting of a. weight, indicnted a niasimum 
initial force of 10,977 atmospheres, or 73 toDS pet 
square inch, with 18 graina of powder, 

lu all these experiments the weight pressed upon an 
effective plug in such a manner, that no escape of the 
products of explosion could occur without lifting the 
weight. When such lifting occurred, an esplusion was 
heard and the escape of gas was made viRiblo. When 
the force was insufficient to lift the weight, only a 
slight, barolj audible Bound was produced, like that of 
otacking a piece of gloss. 

For Enmford's purpose — viz. that of measuring the 
inomontary initial expansive power — these experi- 
ments, made in 1793, and fully described in Rumford's 
essays, published in London, 1802, apiiear to me far 
more satisfactory than those of our official committee 
with the " Kodman " and " Crusher " gauges reported 
in 1870, for the following reasons. 

1, The resistance to be overcome, and by which the 
force was measured, viz. the gravitation of a known 
weight, was far more definite and measurable than the 
degree of indentation or compression of a cylinder of 
copper, which serves as the measure of force in the 
Rodman and Crusher gauges. 

2. In Bumferd's arrangement, the force of explosion 
was more directly applied to the resistance by which 
it was measured than in the official experiments, where 
the shock of the explosion was first commmjicatod to a 
Bolid piston 1 inch in length, and by this transferred 
to the copper cylinder of the crusher gan^e, oi yosi 



f74 BniTISB MAXUFACTUSTXa INDUSTRIES. 

f knife of the Bodman gauge. By this arrangemont 
TDQch of the furce is expended upon internal work in 
tlio intervening piEton producing mecbonical vibration 
of ita substance, and a rctnming wave of clastic oom- 
preHsion, which would Imvo no meaguralile effect on the 
gauge. Bi^sides this, another portion of the force 
oomproBsing the piston must be converted &om meclia- 
nical motion into heat motion. 

If any reader supposes that I am hyporcritical in 
making this objection, let hint try the following cipe- 
riment : Take a block of iron^a common 1 lb. weight 
for ejcample— place it on the hand, and the hand upon 
a table ; then strike the weight smartly with a car* 
penter'a hammer. It will be found that blows which 
would fearfully mutilate the hand if directly applied to 
it, may bo struck upon the weight thus resting entirely 
upon the hand, and will scarcely be folt, provided the 
blows are dealt suddenly and smartly. The mounte- 
bank's exploit of breaking a great stone on a man's 
bare breast, the common method of reducing the 
dimensionB of geological specimens by holding them 
in the hand and cracking with a hannnor, and the 
experiment of shooting a bullet through a swinging 
door without moving it on its "hinges, are familiar 
illustrations of this principle, which appears to have 
been overlooked in these official researches. 

The complete absence of windage in Eumford'a ar- 
rangement by Mploding in a perfectly closed chamber 

a third advantage. 
, I therefore regnrd Bumford's experiments as the 
: that have yet been made on this interesting 
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subject, although, b^ he himself admits, they aro by no 
meaus free from error. 

Ill the eighty-fourth experunent with 81 grains of 
powder exerting aa uplifting foree of 10,977 atmo- 
spheres, the barrel was not fillecl, but contained only 
■ 702 parts of its total capacity. According to Rum- 
ford's formula, based on the general result of aU hia ex- 
periments, the force should be 39,346 atmospheres, had 
the barrel been completely filled and the 'whole of the 
powder exploded. This is much below the 6475 atmo- 
spheres calculated upon the basig of the tenacity of the 
iron, bat not greater than the probable difference due 
to the fallacy, which I have pointed out. 

It must be noted, that in these oxporimests the con- 
ditiona are not the same as in the explosion of gun- 
powder in firearraa. By Rumford's method the whole 
of the powder was exploded almost instantaneously, and 
all its explosive force expended in lifting the weight. 

In reference to this subject, Humford fairly aaka, 
" How does it happen that firearms and artilleiy of all 
kindi), which certainly are not calculated to withstand 
BO enormous a force, are not always burst when they 
are used?" He answered thia question by an inveati- 
gatioD of the well-known fact, that when cannons, 
mortars, or muskets, euch as used in his time, were 
diachorged, a considerable quantity of unconsumed 
powder wna alwaya blown out of thom, not only &om 
the muzzle, but even from the touch-hole, where ike 
fire enters lo inflame the charge. 

He inferred that it ia improbable or impOEsible that 
such grains, actually in the chamber of the piece, and 
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completely Bmrounded by flame, should by the action 
of thttt very Baiue be blown out of it without being at 
the some time set on firo, and supposed that they must 
be first fired, and then extinguished by the velocity of 
their projection into a cold atmosphere. If such be 
the case, oach grain must occupy some time in burning 
&oni its cirL-umference to its centre, and this time 
mast increase with the size of the grains. 

To test tliis, ho procured powder made up of a 
mixture of groins varying in eize from the finest 
"Battel" powder to grains "nearly as big as large 
peas," but all of the same composition and density. 
He placed a number of vertical screens of very thin 
paper one behind another at a distance of 12 inches 
apart, and fired charges of this mixed powder from a 
common musket (sometimes with, sometimes without 
a wad) against the foremost screen. The papers were 
renewed for each experiment, and the distance of the 
muzzle of the gun was 8, 10, or 12 feet from the first 



The large grains struck the scr 
through all the five screens, and were collected nncon- 
sumed, although evidently burned outside. The most 
decisive eipcriments were made with a single large 
grain, propelled by varying charges of fine-grained 
powder. This never failed to reach the first screen, 
sometimes whole, at others broken ; in some casea it 
passed through all the screens. When propelled with 
small charges, these grains set fire to one or more of the 
Boreens ; when with hwge charges, they passed through 
L the foremost screens without setting them on fire, but i 
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did 8st fire to one or more of the hiadmoet, and tlien 
struck a board placed 12 inches behind the last screec. 

By dropping a piece of red-hot iron into the barrel 
of a horse-pistol, and then dropping upon this a grain 
of coarse powder, it was projected by its own explosion, 
and seen burning in the air by the train of light left 
behind it, like a falling star. 

It was thus rendered evident that the rapidity of the 
explosion of gunpowder muHt vary with the size of 
the grains, when other conditions aie equal. 

This principle is now applied practically in artillery. 
A considerable force ia necesBary to start the motion of 
a heavy mass like a cannon ball, and it is evident that 
if the whole explosive force of the charge of a cannon 
were expended instantaneously, a violent bui'sting 
strain must be exerted against the sides of the gun 
before the forward motion of the bail is fairly effected, 
while on the other hand if the explosive foi-co of the 
powder can bo gradually applied in such a manner, 
that it shall bo continually augmented during the time 
occupied by the ball in passing through the bore of 
the gun, an accelerated motion of the ball will be 
effected with a minimum strain upon the piece. This 
may bo attained by using gunpowder of largo grain, 
the theoretical condition being obviously, that each 
grain shall occupy the same time in exploding that the 
ball requires for travelling to the gim's mouth. If 
this is carried out, the whole force will be expended in 
propelling the ball in the most advantageous manner 
and with a minimum bursting strain upon the gun. 
If the grains are so large that they occupy more tinwi 
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in exploding, than is expended by the ball in reaching 
the cannon's month, a purtioa of their explosion will 
occnr after the ball baa lefl the gnu and consequent!; 
be wasted. 

In the Preliminary Beport of the Ordnance " Com- 
mittee on Kxplosives," published Feb. 1870, the oae 
of " pebble " powder for heavy gnns " to be produced 
by breatiug up ' press cake ' of the apecified density 
(l'60)into lumps wbitb are retained between sieTes 
of ^ and I mesh," is recommended, aa " its use will 
materially reduce the initial strain exerted hj the 
exploding chai^, thereby prolonging the life of the 
gitn and diminishing the risk of accident." 

The BassiaQ "prismatic" gunpowder has been 
adopted for the some object with nnqaostionable sno- 
cess, which must depend upon tho principle which I 
have above enunciated, Tho size of the prism pebble, 
or pellet should therefore he pTo^ortionale to ike length 
of gun, aad the lime required by the ball tn travelling to 
the mu2::le, due allowance being made for the effect of 
pressure upon the rapidity of combustiou. 

In the recent experiments with the eighty-one-ton 
gun at Woolwich, the powder was made into cubic 
grains 1^ inch diameter. 

This subject of the ratio of tho size of powder grain 
to the length of the gun, and also that of the influence 
of pressure on the rapidity of the oombustion of large 
powder grains, are, I think, woi'thy of exhaustive ex- 
perimental investigation in the Eojal Arsenal. If 
fhoy were understood, large guns might bo constructed 
charged more scientifically than at present, and 
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fewer deBtmctiTe eiperiments after their conslrucliou 
woold be needed. Beeides this, the mazimum of eco- 
nomy in powder might be attained, as the conditions 
of each economy would be piedeterminable by ctdcu- 
lation.* 

White gunpowder is a mixture of 2 parte of chlorate 
of potash, I of loaf sugar, and 1 of pruHsiate of potash. 
These are separately reduced to powder, and mixed dry 
with the smallest possible amount of friction. It haa 
little 01 no practical value, although its explosive 
power is very great. Its liability to explode by 
frictioii is BO great that it cannot be granulated safely, 
and in its powdered state will not bear the ordinary 
shoclcs and friction of carriage. If used at all, the 
powdered materials should be carried separately and 
mixed on the spot, only in such quantities as are 
reijuired for inuiiediate use. A mixture of chlorate of 
potash and Enlphur has eimilai properties and requires 
similar precautions, Tho energy and dangerous natui-e 
of this mixture is easily shown by taking one or two 
grains of chlorate of potash and about an equal qtiantity 
of powdered sulphur and rubbing them together with 
a heavy pestle in a strong mortar. A violent explosion 
IB the result. 

A mixture of chlorate of potash, sulphide of anti- 
mony, and powdered glass, "Friction tvhe priming," is 
the charge for friction tubes used in firing cannon, and 
has similar properties to the above. The powdered 

• Since the above was written I liavo been iufoniiod that 
further eiperimenta bearing on this aubjeot luive been made, 
and that an official aacouut of them will be niibliBtiod. 
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glua 18 purposely introduced to render the friction 
more eifootiTo ; its foiiction is purely mechanical, Ac 
explosion depending npon the other two iogredientH. 

Pkraie of Polagh is a yellow crystaUine salt, made 
hy adding, drop by drop, sis parte of strong nitric acid 
to one of carbolic acid. It explodes when heated, 
and forms still more esplosive mistures with chlorate 
aud nitrate of potash, either with or without charcoal. 
These must be mixed dry, and are liable to eiplosion 
by friction. 

Ail theae mixtures resemble gunpowder, in contain- 
ing a combBstible substance or substances mixed wiui 
a oonponnd which yields oxygen by dissociation. The 
oxygen of cblotste of potash is more readily disao- 
oiated than that of nitre, and hence the more dangerous 
and powerfnl character of the mistnres containing it. 

GwKotfoM ift prepared froni ordinary cotton cs 
eolloB Kasto. This is first bailed in carbonate of 
•miU to r«DOT» greasy and iceinoas matter. The eoda 
MtlktioB ts reiauT«d by meaas of an ordinary 
Algal ilrrin^ apparatos ; the cotton is tbeu 
p««. water ana again dried, after which snu 
'*' ^ > 1M*> a lb. ar* treated witii a mixl 
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&cid. The cotton ie left in the acid for about forty- 
eight home, thon partially dried from the acid by a 
ceatrifugal apparatus, afterwords thoroughly washed 
ia pore water and a little carbonate of soda until no 
traces of acid remain, and finally dried by steam heat 
in & detached building, as this latter is the only dan- 
gerouB stage of the manufacture. 

When thus prepared, guncotton ia not distinguish- 
able in appearance from the ordinary cleansed cotton 
&om which it is made ; but when required for firearms 
or blasting, it ia now usually prepared in a compressed 
form, by passing it, before drying, through a pulping 
macLine, such as is neod in tho manufacture of paper, 
then compreGsing it in cylinders into the form of discR 
of conyeniont size. The pressure employed is some- 
times as much as 6 tons to tho si^uare inch. These discs 
(HI leaving the press retain fully 20 per cent, of water, 
and in this state will not esplodo.nor even bmn, when 
touched with a red-hot poker. Gnncotton may be 
preserved in this damp state for years, and wiU bear 
long immorsioa in water without damage. It only re- 
quires drying, and is then fit for use. This is one of 
the most important advantages of this explosive. 

It is not, like gunpowder, merely a mechanical mix- 
ture of combustible with osygeu-giving materials, but 
ia a true chemical compound, in which peroxide of 
nitrogea (derived from the nitric acid) replaces or 
Bubatitutes a part of the hydrogen of tho cotton fibre 
without destroying its structure. The dissociation of 
this peroxide of hydrogen supplies the oxygen required 
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for the combnBtion of the carbon aod the remaining 
hydrogen of the cotton fibre. The prodncts of this 
uombuBtion are simply carbonic oride or carbonic acid 
and water ; there is no snlphurons acid, nor other enl- 
pLur componnds such as are produced by the combna- 
tion of gunpowder, as the snlphnrio acid nsed in the 
maniifncturo of guncotton forms no remaining com- 
pound, but simply aids the combination of the peroxide 
of nitrogen with the fibre. 

Gnncotton takes fire at about 300° Fahr. (gun- 
powder at 600°). In tho open air it bums furionsly 
with a brilliant flame and without osplosion. Its com- 
bustion iu this caee, though rapid, is gradual, and with 
very little mechanical effect. This may be ehown by 
placing a piece of loose guncotton abuut the size of a 
wolnnt upon the palm of the hand, and firing it by a 
match. No inconTonience is enffored, as the oombiiB- 
tion ia too rapid for the heat of the flamo to be con- 
ducted through the cuticle to the BenaitiTC akin below, 
and not sufficiently sudden to hurt the hand by its 
ouplosiTe force. 

If suddenly kindled by means of a detonating fuse, 
It explodes violently, and exerts a mechanical force 
which has been estimated at three to six times greater 
than that of an equal weight of gunpowder. If a piece 
of dry guncotton be struck smartly with a hammer on 
an anvil it will explode, but the explosion ia limitea 
to the portion actually between tho hammer and 
anvih 

Boxes of guncotton placed at a distance of 100 j 
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Tards have been fired at by a rifle ; m many coses 
the blow of the buUet Las inflamed the gimootton, 
which, has rapidly burned away, bat without ei- 
plofiion, 

A 28-lb. case of compreased guncotton was in- 
flamed hy means of an eleutrio fnse, which was pasBed 
through the side of the bos ; " there was no esplo- 
Bion ; a dull puff and a large volume of bright flame 



" A 28-Ib. service case of compresBed guncotton 
fitted with an electric fuse, as in the first experiment, 
was placed on the ground closely surrounded on all 
Bides by soTen similar cases all packed in the same 
manner. Two cases filled with damp guncotton (which 
had been stored in that condition at Woolwich for 
abont five years) were placed upon the boses containing 
the dry guncotton, and the pile was then surrounded 
by thirty-two other cases, each containing 28 lb. of 
earth, which wore stacked upon and around them. 
The ignition of the electric fuse was immediately 
followed by a large body of flame, which penetrated 
through all the pile, and directly afterwards a second 
similar volume of flame was observed, but there was 
no approach to an esplosion." f 

On examining the heap after firing, it was found 
that only one side was disturbed, and that only one bos 
in addition to that fired by the fuse was ignited. Other 

• Minntea of Evidence rolatiiig to Exploaion of Guncotton at 
Stowmarket, No, 13 (Colonel yoimghuflbauii). 
+ Ibid., No. 11. 
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kuM wore durrod >n<l bnnung externally, bat wete 
eMiljr cxtm^ifibed withcpiit an; exploeion, or oTen 
i<—rr,htg of the gnoootton ifaey oontAined. 

There can he no Jonbt that the mauoiActare and 
Blonige of giumotkin ia &r lesa dangcToiu than that of 
gtinpoiriler, tbuogb the exploeion at Stowmarket, &x„ 
xhuws, that when the capacities of a gimcotton factory 
are oTerstraioed, when too mnch is done in & given 
space and by a giren nnmber of men ; when there is 
much hurrying to complete a large contract, and too 
much reliance is placed upon the snpposed safety of 
ogive, the rcsnits may, as at Stowmarbet, be 
TMy tragical. Imperfect washing from acid is one 
^MUToe of danger. 

Gnncotton is chiefly nseful for blasting pnrpoBee, 
for torpedoes, and other explosive nses where a deto- 
nating {aae is available as the means of ignition. The 
absence of snlphnr would render it especially suit- 
able for ordinary firearme, but the risk of detona- 
tion in ramming the charge is a serious objection. 
Gnncotton may be prepared in the form of yam, 
in skeins, rope, loose fibre, or compressed discs and 
cartridges. It was discovered by M. Schonbein, a Swiss 
chemist, in 1845. 

Schultz's GunpoTnder is made from wood, which is first 
sawn into sheets about -jS^th of an inch in thickness, 
and then reduced to grains of uniform size by means 
of a punching machine. The resinous and albuminons 
matters of tho wood are removed by boiling for some 
carbonate of soda ; the grains are then further 
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washed in wnter, steamed and bleached \ij cLIoride of 
lime, washed again, and dried. The granulated wood 
is thuB brought to nearly the same composition aB 
cotton fibre, i. e. pure lignin or woody fibre, composed 
of carbon and the elements of water. It is now treated 
\rith the mixture of nitric and aulphuric acids as in 
the production of guncotton, and similarly washed and 
dried. The final drying is the only dangerous part 
of this manufacture. 

Twenty-sii parts of nitre, or 22J nitre, and 7^ of 
nitrate of baryta are now dissolved in 220 parts of water, 
and the prepared wood granules are placed in this 
solution, saturated with it and then dried. This com- 
pletes the process, whereby an esplosive of intermediate 
nature between gunpowder and guncotton is produced, 
but free from sulphur and the eon'osiye products of its 
combustion. 

Nitro-Glycerine was discovered in 1847 by Sobrero, 
an Italian chemist. It has also borne the name of 
glonoin and Haeting oil. 

The well-known infansely sweet viscous liquid 
called glycerine, which is separated from oils and fats 
in the course of candle making, although so different 
in appearance from cotton fibre and other forms of 
lignin, is very similar in chemical composition, and 
when acted upon by a mixture of nitric and sulphuric 
acids, undergoes a chemical change corresponding to 
that effected by the same means upon the cotton fibre. 
Some of its hydrogen is removed, and peroxide of 
nitrogen takes its place. As in guncotton, the disso- 



^ 



186 BRITISH MASUrXCTTRISO ISDUBTRIEB. 

taaSaoa ot tlue snppliee the oxygen neoBBSary for 
Gonbtutioi] of ^e retnainiog carbon. 

Nitro-glyoerine tLas prudnced is a ColoorlesB oi 
jellowish oil, of spetiflc gravity 1620. It therefore 
sinkB in water, in which it ia not soluble. It iB ruBdilj 
Bolnble in epirite of wine, wood naphtha, and ether. 
Like ordinary fiied oils, it does not evaporate to any 
appreciable extent at ordinaxy temperatures, bat at 
S12° is gradually decoiaposed and disaijiated. It has 
ft pongent, sweetish, and rather aromatic toete, and is 
poisonous. It froczeG into a crystalline solid at low 
temperatures, and this solid liquefies at 43° or 4i° 
Fahr. Like water, it expands in freezing, and may thns 
burst the vesBcb containing it. It should be thawed 
by placing the vessel containing it in warm water, 
the direct application of dry beat being dangeroOB. 
At Hirschborg a mining overseer was killed by the 
eKplosion of some frozen nitro-glyeerine which he 
attempted to break with a pickaxe. In this state it 
is more liable to esplosion by simple percussion, than 
when liquid. 

Nitro-glycerine, ivhen pure, behttvos nearly the same 
as gnncotton as regards its combustion and explosion. 
It takes fire and bums with a smoky flame witbont 
explosion, when a lighted match is applied to it if 
graduaUy heated upon a plate of metal, it slowly 
evaporates and generally takes fire, bui-ning rapidly 
but not exploding, but if rapidly heated to about 
860 Ffthr. it explodes violently. 

little of the liquid be placed on an anvil and 

lartly atmck with a hammer, the portion onder the 
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hummer explodes, but as in the case of gnncotton, the 
explosion doQB not extead to the liquid beyond the 
hammGr. If an open vessel containing nitro-glycerine 
be thrown into a fire, the liquid usunlly blazes without 
explosion; but this is not to be relied upon, as ex- 
plosions Lftve occurred under such eircumstouces. 

Muiy serious accidents have occurred in the trans- 
port of nitro-glycerine, and even in stores where it has 
been subject to no mechanical violence. These appear 
to have arisen from some kind of spontaneous decom- 
position which is not at present understood. The 
liability of this liquid to decempose renders it muoh 
more dangerons than the more stable, solid gunootton. 
Mr, Abel's experiments show, that it is especially 
liable to dangerous decomposition when raised to any 
temperature above 90° Fahr. This temjteratuTe may 
be attained by exposure to the sun's rays. When made 
&om impure glycerine, or retaining any traces of acid, 
it is much more liable to decomposition, and is then 
dangerous at any temperature. 

The ordinary mode of using it for blasting purposes 
IB, to pour the nitro-glycerine into a hole drilled in the 
rock, then fill up the hole with water and introduce a 
waterproof fnse, to which a small charge of fulminatii^ 
mercury is attached. The detonation of this causes 
an immediate and certain explosion of the liquid nitro- 
glycerine. In the &ozen state it may be fired by the 
same means, but not with equal certainty. 

Its explosive force is estimated at five to ten times 
that of an equal weight of gunpowder. This, and the 
^oility with which it may be used, renders it a most 
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valuable blasting agent; the danger of storage and 
hanilliug alone preventB its more extensive application 
to this purpoee. Variona methods have been devised 
for diminishing this danger, such as dissolving it in 
wood naphtha, alcohol, £o^ but these have failed on 
account of the volatility of the solvent and the tin- 
chevked liability to decomposition of liquid nitro- 
glycerine- 
Mixtures of nitro-glycerinc with solid absoibcnt sab- 
stances have been more successful. Mr. Horsley usee 
four times its weight of alum, and thus obtains a solid 
that is not exploBive by the action of a simple fiome, 
but which may be detonated by a percussion fuse. 

The Dynamite of M. Nobel is similar to this, being a 
mineral known in Germany as Kieslglihr, saturated with 
liquid nitro-glycerine, of which it ia capable of absorb- 
ing about three times its own weight. This mineral is 
an aggregation of the excessively minute and delicate 
silicious sheaths of microscopic vegetable organisms 
which, though separately invisible to the naked eye, 
occur in such prodigious numbers that they form con- 
siderable deposits in Oherlohe (Hanover) and other 
localities. 

The solid dynamite thns prepared, and containing 
70 to 75 per cent, of the blasting oil, is a pale reddish- 
brown powder, which bums quietly when thrown into 
fire, but may be esplodcd as readily as pure nitro- 
glycerine by means of a detonating fuse. Its explosive 
force is proportional to the quantity of the blasting oil 
I^Which it contains. It wiE bear considerable concussion 
ftthout explosion. This ia usually attributed to the 
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elasticity of the solid ailicions particlee and the con- 
seqaest moderatioii of the shock. A weight of 56 lb. 
falling. from a height of 6 or 7 feet upon a naked 
dynasiite cartridge will not explode it, and when 
dynamite ie packed in n wooden boi, it will bear with- 
out esplosiou the shock of the fall of 100 lb. from 
double that height. 

The LithofradeuT of M. KrebB, composed of 52^ per 
cent, nitro-glycerine, 221^ per cent, silica, 25 per 
cent, "mineral bodies" (finely divided carbon snlphnr, 
nitrate of soda, silica, clay, sand, and wood fragments) 
is a, modification of dynamite, with similar properties ; 
but from the esperiments mode by the special com- 
mittee on guncotton, &e., it appears to be rather more 
dangerous on account of its greater liability to permit 
the exudation of small quantities of liquid nitro- 
glycerine. The committee report that tbey "ore of 
opinion that the substance provided for their experi- 
ments under the name of litho&acteur has impeifectly 
fulfilled the absolutely necessary property of retaining 
its proportion of niti'O-glycerine under circnmstances 
which might be met with during ordinary transport or 
storage." 

It was found, when lithofracteur cartridges were 
exposed to considerable variations of temperature, such 
as freezing and thawing, that the paper envelope was 
moistened with nitro-glyccrine, and that a di-op thus 
absorbed on paper eiploded on being struck with a 
hammer. 

Cartridges of dynamite were similarly frozen and 
then wormed without any appeoraoce of er.^i^t.Y'^'^.. 
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Hr. Gbae. L. Kalmbaoh, in on article pabliehed b I 

Von Nostrond'e Magnziiie, stateB, oetliG result of nine i 
years' experionca in the manufiLctnre and nae of nitro- 
glycerine, guncotton, and dyniunite, that the only 
condition of eKjilosion of glycerine or dynamite is an 
elevation to a temperatore of SCO^Fahr., and that cou- 
CDHsioD or pcrcnsaion will not produce euch explosion, 
unless the conditions of the concnssion are Gucb, that 
the arrested motion raises a confined portion of snb- 
Btance to the exploding temperature. The explosion of 
this portion, however small, produces violent compres- 
sion and consequent heating to 3G0° of the adjoining 
portion, and so on throughout, and thus the whole 
explodes. 

He maintains that no amount of mere pressure will 
produce explosion, if such pressure is so slowly applied 
that the heat thereby generated is dissipated before it 
reaches 3G0°. Also, that the reason why nitro-glyoerine, 
gnooottoD, dynamite, &c., bum inexplosively when a 
light is applied to their open unconfined sur&ces, is 
that the heat under those circumstances is not com- 
municated through the mass, as it is when violent 
percussive condeusatioQ is cemmnnicated throughont. 
He states that " a glowiag coal, a hot iron, or a gas 
jet, applied to the bottom, or even the side of a tin, 
will explode it, for it will heat the film in immediate 
contact with it to the explosive point, producing initial 
explosion ; " that " a bottle or other frangible vessel 
partially filled with nitro-glycerine may be thrown with 
great violence, or from a height, on a rock, and shattered, 
without prodttcing explosion," while a tin veaael or 
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other strong flciible vessel, filled with nitro-glyceri 
and subjected to a similar ordea],wiIl invariably esplodo 
when it strikes." Ho accounts for this difference by 
the fact that the glass bottle breaks by first contact, re- 
leasing the contents and allowing them to scatter, and 
thus continuing the motion, while the flexible vessel 
is violently indented at the point of contact, and the 
motion ia suddenly and violently arrested at this point, 
and such motion thus stopped ia converted into heat. 
The exploding temperature thus attained, however 
momentarily and by however amoll a film, would pro- 
dnoe the initial explosion, and thus would explode the 
whole. 

Keeping in mind that gimcotton, nitro-glycorine, 
dynamite, Ac, are bad conductors of heat, Mr. Kalm- 
bach's views become intelligible, and explain the appa- 
rent anomaly of the gradual combustion of these sub- 
stances, when heated on their free surfaces. A lump 
of dynamite, a wad of eompreeged guncotton, or a mass 
of liquid nitro-glycerine, if thrown upon an open fire, 
would be heated on iCa surface only to the explosive 
point ; the heat would not be conducted through it more 
rapidly than it would bum away superficially, and 
thus its combustion would resemble that of a squib, or 
of the solid non-granular gunpowder which the school- 
boy prepares, by making common powder into a paste 
and drying it to a solid lump. This " fizzes," but does 
not explode, simply because it is an ill-conducting 
mass, heated only on its surface ; whereas the granular 
gunpowder does explode, because the flame of the 
initial flash is projected throughout the interstices ot 
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gpftcea Bnrronnding each grain, and thus heats the 
whule Dutse and fires every grain at once, this sudden 
deTelopment of healed gas constituting the explusioii. 
In like manner a wave of sudden condensation would 
be freely tianamitted through nitro-glycerine, having 
the ordinary property of fluid elasticity ; but a difl()rete 
solid made np of separate fibres, ae guncotton, or 
separate non-cohering particles of silica-like dynamite, 
wonld, like a cracked tumbler or other discrete solid, 
nfnse to transmit a wave of condensation, and at the 
same time he gnfBciently plastic to yield smoothly at 
the point of impitct If I am right in thus attributing 
the superior safety of dynamite to ite comparative 
inelasticity, rather than, as nsnally supposed, to its 
elasticity, an important principle is suggested for the 
guidance of the manufactuiers of dynamites or other 
solid absorbents of mtro-glycerine. They should, in 
order to secure safety of transport and storage, select a 
solid absorbent having the smallest obtainable decree 
of vibratory elasticity, but which, at the same time, is 
capable of yielding to sudden pressure with the least 
possible amount of internal friction. In Nobel's dyna- 
mite this friction is reduced to a minimum, by the 
lubricant action of the absorbed oil which surrounds 
every silicious particle. 

The fact that serious explosions have occurred, when 

frozen nitro-glycerine has been subjected to a degree 

of rongh handling which the liquid might safely bear, 

may be explained by the fact that the frozen mass is 

■ 'uade up of a nmnber of crystals, the surfeoes and 

iglee of which must mb violently against each other 
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when the whole mass is jarred or much shaken ; and if 
this friction sbonld even inatnntaneouBly ruiae the 
amalleat conceivable internal paitiele to the exploding 
temperature, an initial eKploaion that would fire the 
whole must he the result. 

Thia kind of friction could not oocnr between the 
particlea of a liquid. The mere fracture of a dry 
cryetal will often eanse explosion. 

It is very Important to all who handle niti'o-glycerine 
that thia dangerous speciality of the crystalline suh- 
atance should be understood. The name of '■ frozen," 
which is commonly appKed to this crystalline form of 
nitro-glyoerine, naturally suggests a diminished lia- 
bility to explosion, and this idea is apparently eon- 
firmed by the uncertainty of its esploaiveness when 
intentionally fired iu the ordinary woy by a detonat- 
ing fuse, and hence it has been handled less carefully 
than the liquid. The explosion of thirty cases at 
Newcastle in 1866, which kdled the mayor of the 
town and three men eng^ed in burying them, appa- 
rently arose from this mistalie ; and I suspect that other 
unexplained accidents have originated in a siuiilar 
manner, witii wholly w partially crystallized samples. 

The /Wmi'nafes are a series of explosive substances, 
differing essentially in their elicmical composition from 
any of those already described. They were formerly 
known ondor the names of fulminating silver, fidmi- 
nating mercury, &ii. Their moderu name describes 
their theoretical composition as compounds of a metal 
with folminic acid, itself a hypothetical substance, 
supposed to be composed of two equivalents of caibou. 
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two of nitrogen, and two of oxygen. This, combined 
with two equivalentB of the metftl (M), gives the follow- 
ing formula for a fulnuBnte C" N' M^ 0*, which cor- 
responds with thti actual analyseB of fulminate of silver 
of: 



Carbon 7-92 

Nitrogen 9*2* 

eiker 72-19 

Oiygen 10'65 

100-00 

Cyanate of silver, CNAgO, yields the same results to 
anftlysoR, bnt its properties are quite different ; hence 
it ia inferred, that although the materials and propor- 
tions are the same in both suhstances, their mode of 
combination ie diiferent; that there are two eqniva- 
lenta of each element in the fulminate and one of each 
in the cyanate. Fulminic acid has never been isolated, 
and the esact nature of the decomposition which ocean 
when fulininatea explode, is not clearly understood by 
anybody, and haa therefore been the Eiubject of many 
very learned diBqnieitionB. 

We know that the elements of these compounds are 
held together by very loose afBnities, that they separate 
very anddenly when heated or struck, and explode very 
violently by the sudden formation of gases, probably 
cyanogen and other nitrogen eomponnds; such com- 
pounds being found on examining the products of es- 
plosion j but whether they are formed directly in the 
act of exploaion or by some after recombination of the 
loosened elements, ia not easily determined. 
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The fulminates ore easily pfepared. By simply di&- 
Bolving 1 part by weight of silver in 20 of nitric acid, 
and adding to the solntion about 50 parts of alcohol, 
crystals of the fulminate of silver are freely formed. 
If recently precipitated oxide of silver is digested for 
twelve or fifteen houra m concentrated solution of 
ammonia, a black powder is precipitated, and may be 
separated by pouring off the liqnid ammonia, and 
cautiously drying in small portions. This is another 
form of this fulminate. If the decantod ammouiacsl 
liquid is now gently heated, small crystals of excos- 
Hively sensitive fulminate will be deposited, so sensitive 
that they will scarcely boar touching. Fulminate of 
silver is also readily formed when ammonia is added to 
the nitrate or other salt of silver, and explosions may 
easily occur from its accidental production, unless the 
conditions of its formation are understood. This pre- 
caution is especially necessary, as the ammoniii-nitrate 
of silver is now rather extensively used by amateurs 
and others in silvering glass for telescope specula, 
common mirrors, and for ornamental purposes. 

The fulminate of silver occurs either in the form of 
small brilliant crystalline needles or scales, or as the 
dark-coloured powder above mentioned, according to 
the mode of preparation. The crystalline form is the 
most sensitive. It is unsafe even when moist, and 
when quite dry will explode on the touch of a feather. 
Many serious accidents have occurred in experimenting 
with it, and few have escaped unscathed who have 
prepared it to any considerable extent. It is liable to 
what appears to be spontaneous explosion. If ahaot 
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Lbftlf a grain be placed upon tlie end of a penlmife Sad 
exploded, the portion of etetil npon which it rested 
will diettppear. Not more tiian one or two graiiB 
should be exploded at once within any building. Ite 
extreme eeuaitiveneBa readers it of little or no pmc- 
tical me. ' 

Fulininnle of Qotd may bo prepared, like fulminate of 

silver, by treating solutions of gold with anuaonitu It 

is a brownish yellow or an oliTe-coloured powder, 

Moording to the mod© of preparation, and, like the 

fulminate, too sensitive and powerful to be 

Toly handled or stored at all. 

Fulminate of Platinum, with similar properties, may 
be prepared in like manner. 

Fnluinates of antimony, bismuth, copper, lime, &o., 
arc obtainable, and are Ices sensitive than those of gold, 
platinum, and Bilver, but have not been practically 
need. 

The most important of the fulminates is that of ]| 
meniury, wliioh may be prepared by dissolving 1 
ymt of niercnry in 12 of nitric acid of specific gravity 
I -as, and adding to the solution 11 parts of alcohol of 
spocifio graTity 0-850, then gently heating the i 
tow) by means of a water bath. Violent reaction and 
«iR»rY(«ce»ioo follow, nitric ether is liberated, metallic 
mwcury is dojwsited, and the fulminate is formed as 
yollowish-vthite grains. These, when cold, should be 
wwhwl with cold water to separate free acid, &c. 
TU fttlmiuato tlios obtained is soIuUe in boiling 
wKdiiig Uio solution, it is deposited in a 
Mf purity w fine sUiy crystJline needlee. 
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It detonates violently on percussioo or strong fric- 
tion, but is not so sensitive as the fulminnte of eilver. 
It explodes when heated to a temperature between 300° 
and 400° Fahr. In either ease its explosion is accom- 
panied with a flame of considerable intenaity, which is 
projected outward with grent force. When moistened 
with 20 to 25 per cent, of water, it may be stored and 
carried with safety if proper precautions are used. It 
should never be transported by railnay, Gattapercha 
Tossela are commouly used for its storage. 

It is largely manufactured and used for the priming 
of percussion caps and detonating fuses, for which 
porposea it is more or less diluted with gunpowder, 
with a mixture of nitre and Bulphide of antimony, or 
other less powerful explosive. The proportions and 
the BubstaaceB nsed for this purpose vary considerably. 
Ten parts fulminate and 6 parta gunpowder, made into a 
dough with morfar, and mixed with the moist fulminate, 
ia one of the compositions used in France; 2^ lb. of 
this is used for charging about 40,000 caps. Two 
parts fulminate, one of nitro, and one-and-a-half of 
sulphide of antimony or sulphur freely powdered, ia 
Bnother formula. 

At Woolwich Arsenal, a little more than a grain of 
the nm^ure of fulminate, nitre, and sulphide of anti- 
mony is dropped into each cap by means of a per- 
forated plate placed over a number of caps. The 
charge of each cap is then slightly i>reased and secured 
1 its place by means of a drop of varnish, A wad of 
tinfoil is sometimes added. 

Seriotis accidents contlnaally occur in the mixing of 
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folminKte and priming of caps. The only practical 
Aeane of averting, or rather moderating these, ia the 
fltrict liniilation of qnantitieB to be used at one time, 

The Gunpowder Act of 1860 provides that^ 

No Buch mannfftcture shall be carried on without a 
lioeDco. 

It shall not be mannfaotnred within 100 yards of a 
dwelling house or occupied building. 

Not more than 1 oz. of the dry powder, or 8 oi. 
mixed with 25 per cunt, of water, shall be kept in any 
nnliconsed place. 

The ox>eratiou of mising the composition for percDS- 
•ion caps shall be performed in a bailding not lees 
than 20 yards from any other workshop, and not more 
than 5 lb. of such mixture shall be in a mixing shop 
at any time. 

No fulminating mercury, except that actually used 
in mixing, shall be kept in any building used in pre- 
paring the cap-composition, nnless it be mixed with at 
least 20 per cent, of writer. 

No greater quantity than 24 o2. of cap-compoBitioli 
shall be at asy one time 'ux one building, where the 
operation of priming or loading is being performed. 

This loading of caps shall not be performed in any 
building nearer than 50 yards to an inhabited dwelling 
or occupied house. 

One of the most fearful implements of destraotioa 
in which the fulminate of m^'cury has been used, was 
the " Orsini bomb," used in Paris with such murderous 
tho 14th January, 1858. These bombs wera 

roid iron shells, about 1 or 5 inches long and S or 



EXPLOSIVE GOUFOUSBS. 199 

i inohes wide, studded around with ordinary gun- 
nipples conmiunicatiiig with the interior containing 
the charge of fulminate. 

Ah I was unwittingly concerned in this tragedy — 
as the chief actoTB are now dead, and the wrongs which 
stirred the pasaiouB that led to its perpetration have 
since been fully and happily redressed — I may now 
reveal a few fiiots that have not hitherto been made 
public. 

I was first introduced to Felice Orsini, a highly- 
educated, refined, and courteous Italian gentleman, in 
the autumn of 1857, and having lived for awhile in 
Italy, and witnessed the iniquities of the Austrian, 
Papal, and Ducal despotisms that crushed the nation, 
I heartily sympathized with his patriotic yearnings 
for the liberation of his country. Ho told me that the 
people were preparing for a great effort to repel the 
Aostrians, and drive the French army of occupation 
&om Bome, but that the search for arms was so rigor- 
ous that no ordinary weapons could be imported or 
held by the Italian patriots. He had therefore in- 
vented a now form of stellar gas-burner, which could 
easily be converted into a bomb by simply unscrewing 
the radiating gas-nipples and replacing them by gun- 
nipples, or by making the gas-nipples small enough to 
fit percussion caps. This gas-head, or receptacle, was 
to be filled with au explosive composition, plugged at 
the place where it screwed to the gas-pipe, and the 
nipples armed with caps. It might then be used as a 
baud-grenade to he thrown from house tops and win- 
dows among any soldiers of the enemy, who should 
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■•ttempt to ooonpy the streets and fire opon the popn- 
Ktion of au insurgent town. 
But these gae-bnmer shells were too small for ft 
' oharge of ordinary gunpowder to produce effective 
explosion. I suggested the fulminate of mercury is 
lien of powder, made some, and taught Oraini and Fieri 
how to make it themselves. Thoy also learned how to 
niako fulminate of silver, and some other detonating 
compounds, and proposod to aao the dark-powder form 
n of silver fulminate as priming for the caps, fearing that 

^^^K ttie blow produced by the fall of the small bomb would 
^^^BlUt be sufficient to ignite ordinary caps. I pointed 
^^^H'Ont the danger of placing such caps on the nipples; 
^^^Bbnt Oreini replied that the sacrifice of a few indiridual 
^^^B Uves was a trifling evil compared with the living death 
^^^H-ttiat all Italy was then enduring, 
^^^ They never showed me any of the bombs, only de- 
scribed them, and their description indicated a much 
smaller size than those actually used in Paris ; I un- 
derstood that they would be but little larger than a 

I lien's egg, and suspect that such was the original idea. 

I I still believe that at Jiret Orsini really intonded them 
I toi the purposes he named to me, and that the idea of 
I yemeving the French army of occupation from Eome, 
I by killing the Emperor and causing a reTulution in 
I Paris, was an aftor-thought of his oiiii, or a snggestioii 
I of Fieri, a crafty, sinister man, likely to choose a 
I orouked course of action. 

was stated at the trial that ordinary caps were 

; but I have little doubt that they were charged 

feither with silver fulminate or with pore fulminate of 
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mercury. Tlie readineas with which those thrown 
iiom so short a distance exploded, and the great care 
with which Oreini deposited his unthrown shell iu the 
gutter and wetted it over with the blood from his 
wound, indicate this. 

When Orsini and Fieri called upon me on leaving 
Eoghtnd for the last time, Fieri said thoy were booud 
for Ferrara (on the confines of the Austrian territory), 
where the rising was to commocco. Orsini said 
nothing concerning their destination, bat informed 
me that he bad prepared a (quantity of the fulmi- 
nate of mercury, and packed it moist in pots as 
"dentiftice," or tooth-paste, and perfumed and labelled 
it accordingly, 

Orsini in his final confession stated, that the English 
chemist who taught him how to mahe the fitlmiunte had 
no knowledge of its intended purpose. This assurance 
was accepted by the Emperor and the French police, 
who gave me no further trouble than that of a. few 
days' secret watching of my movements in Binuingham, 
which was so delicately conducted that I only dis- 
covered it accidentally. 

The chloride of nitrogen already mentioned is very 
easily prepared, by simply inverting a bottle of chlorine 
gaa over a solution of one part chloride of ammonium in 
twelve of water. A yellowish oily liquid is gradually 
formed, which falls to the bottom of the tray or diah 
(which should be of lead) containing the solution. 
This is one of the most dangerous compounds known. 
It explode* with fearful violence if heated only to 200°, 
when brought into contact with any kind of fixed or 
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volatile oil, phoephoras, imd many other inflnmmable 
Bubstancoa, or whon subjoctod to the aligbteet ebock ai 
&ictioD. It will not even be-ar the touch of a feather, 
and has beea known to osplodo by falling upon the 
Bnrliuie of water. It is ntterlj nselesa, and my advice 
to all is, " Don't prepare it, nor meddle with it at alL" 
Its oiploaiou appears to be duo to the feebleness of the 
afflnities holding the two gaseoae elements together, 
and tlioii consequent facility of dissociation and ei- 
pansion. 

Iodide of nitrogen ia analogous to this, bnt less 
dangerous. It ta readily prepared by merely placing 
B little solid iodine in a cold and strong solntion of 
ammonia. Tbo iodine loses its crystalline Btruotnre, 
and a powder of Dearly the some colour as the original 
iodine remoiuB. The amiaonia may be decanted from 
this, or more safely filtered away on blotting paper. 
While quite wet it may bo handled, but immediately 
it becomes dry, or nearly ao, it explodes with great 
violence, giving off violet fnmes of iodine when merely 
touched. Those who prepare it from curiusify should 
only make two or three grains at once; these will be 
qnite sufficient to display its properties, especially if 
they should got a little under the finger nail, as I once 
did. On one occasion I had several aniall « 
prepared for lecture illnstration, and lying c 
papers on the lecture table. The vibration caused 
by a sudden closing of the theatre door exploded 
them all. 

lu conclnsion, I must offer a few words of caution 
I advice to all who meddle with any of these ex- 
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ploaiveB, either for commercial or philosopliioal piir- 

poaee, or for mere amueement. 

At flrat yon will bo very cautiotis, will follow ftU the 
inatractions and wamiags jou may have received in 
order to prevent accident. Ton will probahly escape 
thereby, may possibly do so even though yon be as 
impetuouH and impatient as Orsiui, who tested his firet- 
made aample of fulminate by stamping npon it witli 
his foot, and escaped with no further damage than 
shattering the heel of his boot. This impimity may 
be repeated a few times with progressive diminution of 
precantiona, until at last you will probably begin to 
suppose, that after aU. these things are not so dangerous 
08 represented. It \b jin^t at this stage that they become 
really and practically dangerous ; tlie more completely 
you have escaped hitherto, the greater yonr present and 
future risk. The adage that "familiarity bree^ con- 
tempt " ia never more fully verified than in handling 
explosives. So convin<:ed am I of this tendency {and 
this conviction is based npon my own eiperiencc and 
the observation of that of many others), that I regard 
every building in which esploRives aro mauuluctured 
or stored as doomed to destrnction, and the longer It 
has been in the same hands and Las escaped its in- 
evitable doom, the more likely is it to be blown up 
to-day or to-morrow. My friends smiled at my habit 
of always crossing the road when passing Walker's old 
percussion-cap manufactory in Birmingham, and told 
me how long the manufacture had been there con- 
ducted without accident. " The sooner must it go," 
was my reply, " if the proprietors or any of their work- 
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tA lilliM or iMiiiiiiiii Aa 

Bid Kk. WalkBT WH not 

■MB, Bar udiSenBt to tlte aaleitj of his Boi^ 

™^ 1» •■• &e h^e mwriwwl inpatuty whidt taA 

™ ** *• •«r-««MMo* to wUcA tfae final destrno- 

»i«wrf Aft e^-woKkk ««■ pnit«Ur 3ne, and whkh 

*"^*w*»i>yoi the Ii«s rf «o ■«.j oQBBeetod with them. 
T*ft gn>.tk of thi. «■«*«« i. perfectlj ii.tiii.1^ 
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" THE EXPLUSrVES ACT OF 1875." 

Ab this Act was in course of legislation during tho 
time the above waa written, and will come into opera- 
tion at about the eame time as tho pQblicatiou of this 
Tolmae in 1876, 1 make the following abstract of its 
leading essentiale as an appendix. 

It applies to gunpowder, nitro-glycerine, dynamite, 
gaacotton, blasting powders, fulminates, and all other 
Bubstances used or manufactured on a pi'actical scale to 
produce explosion oi pyiotecbnio effect. 



Law ] 



J TO GUHPOWDER, 



It shall not be manufactured either wholly or par- 
tially, eicepting at a licensed gunpowder factory ; 
small quantities made for purpose of chemical experi- 
ment and not for sate or practical uae being excepted. 

Tho penalty for infringomeut, shall be forfeiture of 
all materials and fine not exceeding 100/. per day for 
evey day during tho manufacture. 

It shall uot ho kept in any place excepting a licensed 
factory, magazine, or store. This does not apply to 
powder kept for private use in quantities not exceeding 
30 lb. on the name premises, nor to carriers conveying 
it in accordance with the regulations of the Act. 

Penalty for infringement, forfeiture of powder and 
fine not exceeding two shillings per pound. 

The application for licence fur factories or magazines 
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be made aceording to specified form, and afiseiit of 
local Authority to be obtaiDed. 

Gunpowder fiictorioH and magazines to be need for 
other purpose. No iron or steel or gritty snlstaQceB 
to be exposed in any part of sucli bnildinge. Ail 
buildiugs to be provided with efficient lightning con- 
ductors, nnlcsB the Becretary of State considoTB {fnm 
pofiitios, &c.) that it is unnecessary. Charcoal, oiled 
cotton, oiled rags, oiled waste, and other articles liable 
to spontaneous combustion not to be left in any clanger 
Itnilding, excepting while in use. Gunpowder to be 
;l»movod from any roomor building during any repairs. 
■Gopy of these rules and statement of permitted quan- 
tity of powder or ingredients, in a form easily to be 
read, to be constantly kept ofGxed to every danger 
building. 

All tools and implements used in danger buUding 
to bo made of wood, copper, brass, or some soft metal 
or material, or covered with anch. The introduction of 
Inoifor matches, grit, Ac, to bo prevented by nse of 
suitable clothes without pockets, suitable shoes, search- 
ing, &c. Smoking prohibited. No person under 16 
years of age to bo admitted or employed, cicept in the 
presence or under the supervision of a grown person. 
All finished powder to be removed at oneo from factory 
to magazine. All ingredients to be sifted bofore 
mixing to remove dangerous impediments. Carriages, 
boats, &c., for convoying wholly or partially finished 
powder, to be constructed and treated similarly to 
factories and magazines. 

Proprietors allowed to make and enforce by penalties 



EXPLOSIVE COMPOUNDS. 207 

not exceeding 40s., special roles, sabject to the eanctiou 
of the Secretaj'y of State. 

Existing majinfactories must obtain continmng cer- 
tifioate under tliia Aot, Bnbject to the following regu- 
Utionfi : 

Not more than 50 lb. of ingredients to be ground 
tmder one pair of stones in incorporating mill, and all 
Bnch mills to be provided with house for store of miU 
charges, situated at safe distance, and properly con- 
Btmcted of stone or brick, 

Kot more than 10 cwt, to he subjected to pressure at 
one time. 

Not more than 12 cwt. to be corned and granulated 
at one time and place. 

Not more than 50 cwt. to be dried at one time in one 
stove or place. Tho qnantities allowed in any press, 
oonung, or granulating house not to eioeed the quan- 
tities to he oi)erated upon as above stated. 

Every gunpowder mill to be provided with good and 
sufficient factory, magazine, or magazines at least 110 
yards distant from mill, unless otherwise authorized 
by special certificate. 

No charcoal to be kept within 20 yards of any part 
of powder mill. 

The general regulations for eontumera' stores are 
similar to the above for mill stores. A licence for 
sncb store must be obtained from local authority, this 
license describing site, &c., and the quantity permitted 
to be stored. Licences are not tronsferoble to other 
persons, and must be annually renewed. Her Majesty 
may from time to time, by order of Council, regulate the 
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oouBtrncttoii, materials, fittings, buildings, &.a., of such 
■hires, their distaDces from other buildings, and the 
maximnm amoimt to be etoteil in each — not exceeding 
3 tuna — according to their construction and dietances 
from ether buildiogs. 

The prcBont regulations are — That the store sball be 
exclnsivclj for the use of a mine, quarry, or factory 
for safety foses. The amount in store not to eicoed 
1000 lb. if the store is well built of brick and stone, 
ftnd in other cases 300 lb. Stores exceeding 300 lb. t« 
be within 200 yards of mine, quarry, &c., where the 
powder is to bo used, and not within 200 yards of any 
inhabited house without occupier's written consent 
The store shall not bo within the City of London or 
Westminster, or within three miles of them, nor within 
1 mile of any burough or market town, or within 3 
miles of any royal residence or gunpowder magazine 
belonging to the Crown, nor within half a mile of any 
parish church. 

Retail dealers in gunpowder are required to register 
their premises with local authority, and must keep the 
powder in a house, building, or fire-proof safe. If such 
place of storage is substantially constructed, specially 
devoted to the purpose, and at a safe distance from 
a public highway or place, the maximuia amount 
allowed is 200 lb. If kept in a fire-proof safe within 
a dwelling house or other ordinary building, 100 lb. 
If so kept without fire-proof safe, 50 lb. ExplosiTe and 
highly inflammable substances in all coses to be kept 
within safe distance from the powder, and tbe special 
building or safe to be constructed without any exposed 
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r steel in the interior, and all qunntitieG eioeed- 
ing 1 lb. to be kept in a substantial closed case, bag, 
caniatei, or other receptacle. 

In all factories, magazines, or stores of any kind, all 
gnnpowder or ingredients within a radius of 20 yarda 
&om the building shall be considered as in the build- 
ing. All places adjoining each other and occupied 
together to be regarded as one place. 

Gunpowder shall not be hawked, sold, or exposed 
for sale ill any public place or thoroughfare. Shall 
not be sold to children under thirteen years of age. 
Penalty not eiceeding 5i. Quantities exceeding 1 lb. 
only to be sold or exposed for sale in substantially 
constructed and closed cases, bags, or canisters. 

Conveyance of Gunpoieder. 

Whether under or above 5 lb. to be contained in 
snbstantial case &oni which the powder cannot escape ; 
snch cases to be subject to approval of the Government 
inspector, and not used for any other purpose. No 
uncovered iron or steel to be used in construction of 
cases, and their intei'iorg to he kept free from grit. 
100 lb. the maximum allowed in one package, except 
under special conditions approved by inspector. The 
word " gunpowder " in conspicuous characters to be 
afBxed to outside of each package. 

All harbour authorities, railway companies, canal 
companies, wharfingers, &c., shall make bye-laws for 
regalation of conveyance, loading, and unloading of 
gunpowder, subject to the sanction of Boai'd of Trade. 
The vaHous miiLtcrs to which theiie V-jcAk^s ■&!»& 
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refer uxn epeoified in detail in the Act. The Secretar; 
of State or Board of Trade ahaU receive and consider 
auy objection to tbese bye-lnurs which may be mode b; 
•lUy corporation or private ]>eraDnB who nrnj be affected 
by their operation. 

Other Explnsivea. 
Safety cartridges made with gunpowder may be 
stored and carried in five timOK the quantity of gun- 
powder. Tbo outermost paokage of all expIoeivcB, 
other than gunpowder, to bo labelled conspicuously 
with the name of the substance and the word •' eiplo- 
sivo," Her Majesty by order in Council may prohibit 
the manufacture, storage, aud carriage of epeoially 
dangerous explosives. 

In a subsequent order of Oouucil, dated August 5, 
1875, and published under the title of "Order in 
Council — Classifying Eiplosives," the following claasi- 
fioation is adopted : 

ClnsB 1.— GuDfiowder. 

„ 2.^Nitralo Mixture. 

„ ^. — Nitro Oompouad. 

,. 4.-~Ghlaiat« Miilore. 

„ 6, — Falmiaate. 

,, (i. — AmukunitloQ. 

„ 7.— Firavmrk. 

These are fully defined in the body of the Order. ' 

A second Order or " Notice " on " Packing of Explo- 
sives other than Gunpowder." 

A third notice on the " Conveyance, Ac, of Ezpl^ j 
{lives " states the regulations for each of the above- j 
tuuoBd cIossoB- 
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Fonrth notice, on '* Stores Licensed for Mixed 
Explosives." 

Fifth notice, ^ Gunpowder Stores," contains detail 
of supplementary regulations on this subject. 

Sixth notice, refers to " Small Firework Factories." 

The details of these notices would occupy too much 
space here. Those interested in them may obtain 
copies of either at one penny each from most book- 
sellers. 
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